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ABSTRACT 
The aim of the studies described in this thesis was to investigate the effects 
of the intensity of treadmill walking and training status on lipoprotein 
metabolism in the fasted and postprandial states in normolipidaemic 
individ uals. 
Twelve young (28±2 years) adults walked on the treadmill on two 
occasions, for 90 min at low intensity (30% maximal oxygen uptake, 
V02max) and moderate intensity (60% V02max) after an overnight fast. 
Venous blood samples were taken during, immediately, 1 and 24 hours 
after the end of each walk, all in the fasted state. Both exercise bouts 
reduced the serum triacylglycerol (TAG) concentrations 24 hours after 
exercise but these decreases were independent of the intensity of the 
previous exercise bout. 
In the light of the suggestion that the fasted state may not be a sensitive 
model to study the TAG metabolic capacity, the above experiment was 
repeated in young adults (n=12), with the two bouts of treadmill walking 
taking place 16 hours prior to the ingestion of a high fat meal 0.3 g fat·kg 
body weight· l , 67% energy from fat). In addition a third trial was 
introduced in which volunteers did not exercise prior to the ingestion of 
the meal (control trial). Venous samples were obtained in the fasted state 
and after the ingestion of the meal at hourly intervals for 6 hours .. 
Moderate, but not low intensity, walking significantly attenuated (26%) the 
total lipaemic response to the meal compared with the control trial 
(5.51±0.5 mmoJ.l-l.h vs 7.40±0.7 mmol·J-l·h; p<0.05). However, the 
moderate intensity bout expended twice the energy expended during low 
intensity exercise as the two bouts were of similar duration (90 min). 
The third study, therefore, examined the effect of the intensity of walking 
on the lipaemic responses to a similar high fat meal in young adults (n=9), 
when the energy expenditure of the two walking bouts was held constant 
(90 min at 60% V02max vs 180 min at 30% V02max). In addition, expired air 
samples were collected before and after the meal in order to examine the 
metabolic responses to this meal. Both bouts of exercise attenuated to a 
similar degree (=30%) the total serum TAG response to the meal compared 
with the non-exercise trial (5.46±0.63 mmol·J-l·h and 5.53±0.58 mmol-l-l.h 
at low and moderate intensity respectively vs 8.09±1.09 mmol·J-l·h; 
p<0.05). Mean respiratory exchange ratio over 6 hours after the meal was 
lower (p<0.05) in both exercise trials than in the control trial indicating an 
enhanced fat oxidation during the observational period. 
All the above three studies were conducted in young adults. The aim of 
the last study was two-fold (i) to examine whether a bout of moderate 
intensity walking (60% V02max) would influence the lipaemic and 
metabolic responses to a fat meal in middle-aged women, as already 
shown for young adults and (ii) to test the hypothesis that this effect 
would be greater in trained individuals, by comparing these responses 
between a trained (n=9) and an untrained (n=13) group. Walking 
attenuated the total postprandial TAG response to the meal compared to 
the control trial in both trained (4.9±O.3 mmol·j-1·h vs 7.0±O.S mmol·j-1·h; 
p<O.OS) and untrained (7.0±O.8 mmol·j-1·h vs 8.4±O.8 mmol·P·h; p<O.OS) 
women groups. The TAG response to the meal was not significantly 
different between the two groups in the control trial but it was lower 
(p<O.OS) in the trained compared to the untrained group 16 hours after the 
exercise trial. In both groups walking enhanced fat oxidation and decreased 
fat storage during the postprandial period to a similar degree. 
The studies described in this thesis have shown that, in young adults and 
in middle-aged women, one prolonged bout of walking reduces the 
magnitude of postprandial lipaemia during the recovery period. This 
effect appears to be dependent on the energy expended during exercise, 
rather than on its intensity per se, and may be greater in the trained state. 
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CHAPTER I 
INTRODUCTION 
Atherosclerosis is the major underlying cause of mortality and morbidity 
in most Western countries, including the UK (Poulter, 1993), and it is now 
widely accepted that aberrations of lipid and lipoprotein metabolism are 
involved in its initiation and progression. The consensus from almost all 
of the epidemiological studies is that elevated plasma concentrations of 
total cholesterol and the cholesterol content of the low density lipoprotein 
(LOL-C) fraction confer an increased risk of atherosclerosis (McGill, 1988). 
Conversely, high density lipoprotein cholesterol (HOL-C) and its 
subfraction HOL2 are negatively and independently correlated with the 
disease (Miller and Miller, 1975; Miller, 1987). The mechanisms 
underlying this negative association as well as the seemingly protective 
effect of HOL against the development of coronary atherosclerosis are not 
well defined. It has been hypothesised that HOL particles trap excess 
cholesterol from cellular membranes by esterification and transfer the 
esterified cholesterol to other lipoproteins which are subsequently 
removed by hepatic receptors (Lechleitner et aI., 1990). 
Although triacylglycerols (TAG) have been implicated in atherosclerosis, 
the nature of their involvement in the process is a subject of dispute. In 
several studies, fasting plasma TAG concentrations are strongly associated 
with atherosclerosis but do not emerge as independent predictors in 
muItivariate analyses (Austin, 1989). However, this may partially reflect a 
statistical quirk: plasma fasting TAG concentration measured from a single 
blood sample shows a high degree of intra-individual variability and may 
not emerge as an independent risk factor in the presence of some other 
less variable factor with which it is associated, e.g. HOL-C. There is an 
inverse association between HOL-C and fasting TAG, with the former 
showing considerably less biological variation (Austin, 1989). A possible 
way to circumvent these problems in epidemiological studies may be to 
use not a single fasting TAG measurement but a measure of TAG 
metabolic capacity under strain: some index of postprandial lipaemia 
(Miesenbock and Patsch, 1992). 
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Lipid and lipoprotein analysis has traditionally been confined to the post-
absorptive (overnight fasting) state when TAG metabolism is "relaxed" 
and lipid transport in plasma has reached a state of equilibrium (Foger and 
Patsch, 1994). However, because most people spend much of each day in a 
postprandial state - i.e. the time period between food ingestion and 6-8 
hours thereafter - measurements of fasting plasma TAG concentrations 
may not be an accurate reflection of the average 24 hour TAG level 
(Patsch, 1987). Indeed, an association has been found between the 
postprandial TAG levels and atherosclerosis which was independent and 
stronger than that of HDL (Patsch et aI., 1992). 
There is considerable evidence that the dynamic processes occurring in the 
postprandial state are particularly important for atherogenesis. Thus, more 
than 15 years ago Zilversmit (1979) proposed that atherogenesis may be a 
postprandial phenomenon, since particles carrying dietary cholesterol 
(chylomicron remnants) were found to deposit it to arterial walls. In 
addition, a low TAG metabolic capacity per se constitutes a handicap that 
imparts atherosclerotic susceptibility (Miesenbock and Patsch, 1992). This 
happens because an impairment in the metabolism of TAG-rich 
lipoproteins will result in the creation of HDL and LDL particles rich in 
TAG and poor in cholesterol, which are considered atherogenic (Patsch, 
1994). According to this scenario, the protective effect of HDL against 
atherosclerosis is dependent on the metabolism of TAG particles 
(Miesenbock and Patsch, 1990). Additional evidence for the atherogenicity 
of TAG particles in the postprandial state is provided by the studies that 
have evaluated postprandial lipaemic responses of patients who had 
undergone diagnostic coronary angiography (Simons et al., 1987; Groot et 
al., 1989; Simpson et al., 1990; Karpe et al., 1994; Patsch et al., 1992). In each 
study, those individuals classified as angiographically positive had more 
pronounced and prolonged increases in plasma TAG levels after ingesting 
a fat rich meal than those classified as angiographically negative. 
Interventions, therefore, which decrease the concentration of TAG-rich 
lipoproteins from the circulation, may delay the progression of 
atherosclerosis. 
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Many epidemiological studies have shown a negative association between 
physical activity at work or at leisure time and incidence of coronary heart 
disease (CHD, Morris et al., 1953; 1973; Paffenbarger et aI., 1970; 1978). The 
relative risk of CHD associated with physical inactivity ranges from 1.5 to 
2.4, an increase in risk comparable with that observed for other risk factors 
such as hypertension, hypercholesterolaemia and smoking (Powell et al., 
1987). The mechanism by which exercise might help to protect against the 
atherosclerosis has been a topic of speculation but is thought to include 
effects on lipoprotein metabolism. It is well documented that athletes are 
characterised by favourable lipid and lipoprotein profiles i.e. lower TAG 
and higher HDL-C concentrations compared with inactive people in the 
fasted (Wood et aI., 1977; Williams et al., 1986) and postprandial (Merill et 
.al., 1989; Cohen et al., 1989) states. 
Despite the well documented association between physical inactivity and 
CHD and the public's apparent acceptance of the importance of physical 
activity, 7 out of 10 men and 8 out of 10 women still do not participate in 
any exercise programme in U.K. (National Fitness Survey, 1992). One of 
the reasons may be the lack of information about an adequate and optimal 
exercise regimen for previously sedentary people. Intensity, duration and 
frequency of exercise provide the framework for developing an exercise 
prescription (Duncan et al., 1991). The interaction of these factors has been 
thoroughly examined only with regard to the proper dose of exercise 
required to increase cardiorespiratory fitness. The American College of 
Sports Medicine (ACSM, 1990) recommend an exercise intensity of 50-85% 
V02max, duration 15-60 min and frequency 3-5 times·week- l for this 
purpose. Within the upper range of this intensity (>70%V02max) several 
studies have shown alterations in serum lipoprotein profiles after a single 
bout of prolonged exercise, in both the fasted (Carlson and Mossfeldt, 1964; 
Enger et al., 1980; Frey et aI., 1993; Thompson et al., 1980; Kantor et al.,. 1984; 
1987; Dufaux et al., 1986) and postprandial (Sady et aI., 1986; Annuzzi et al., 
1987) s ta tes. 
The quantity and the quality of exercise, however, needed to obtain health-
related benefits may differ substantially from that which would be 
recommended for fitness benefits (ASCM, 1990). It is highly unlikely that a 
substantial proportion of the most sedentary adults (thus those at greatest 
risk) will become active if required to follow existing guidelines (Haskell, 
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1994). Furthermore, it is known that less demanding physical activities 
have greater compliance rates than more vigorous exercise activities, are 
more easily incorporated into one's daily life style, are well maintained 
over time, and are safer for older persons and those at increased 
cardiovascular risk (Pate et al., 1995). Despite the above advantages of such 
exercise bouts, there are only a few studies which have investigated the 
acute effect of less demanding exercise bouts on lipoprotein responses. 
Some of these have reported changes in serum lipoproteins in the fasted 
state (Cullinane et al., 1982; Durstine et al., 1983; Lennon et al., 1983; Berger 
and Griffiths, 1987; Pay et al., 1992) but these changes were short-lived 
compared to the vigorous bouts previously mentioned. In addition, an 
acute bout of low intensity exercise has been also reported to attenuate the 
serum TAG responses to a fat meal (Schlierf et a/., 1987; Aldred et a/., 1994; 
Hardman and Aldred, 1995). 
Less demanding exercise seems therefore more appropriate in regimens 
for inactive people, for the reasons given above. However, it still remains 
unknown which is the optimal intensity of exercise which should be used 
widely in exercise prescription programmes for health gains. (Optimal is. 
usually defined as that from which maximum benefit can be gained for 
the least time and effort expended). Existing evidence does not help to 
shed light in this area (Hughes et a/., 1990; Hicks et al., 1987; Davis et a/., 
1992; Gordon et a/., 1994; Chinnici and Zauner, 1971; Burnett et a/., 1993). 
This is because: (i) there are only a few studies that have addressed this 
problem with regard to lipoprotein metabolism in both the fasted (4 
studies) and postprandial (2 studies) states, (ii) when the comparisons 
have been made the two exercise bouts have been of vigorous intensity (> 
60% V02max), and (iii) the findings of the various studies are conflicting. 
The investigation of the effect of exercise intensity may contribute to the 
knowledge concerning dose-response issues in relation to health gains 
with physical activity. In addition, comparing the lipid responses between 
exercise bouts of varying intensity may highlight the mechanism by which 
lipid and lipoprotein metabolism are affected by exercise. One of the 
possible mechanisms by which exercise reduces the plasma TAG 
concentration in both the fasted and the postprandial states, may be an 
enhanced clearance of TAG from the circulation through an effect on the 
key enzyme of TAG hydrolysis namely lipoprotein lipase present in the 
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skeletal muscle (Lithell et al., 1981a; 1984). This could serve to direct the 
storage of TAG in the post-exercise recovery period towards muscle so as 
to replenish TAG oxidised during the exercise bout (Nikkila, 1987). 
According to this hypothesis the reduction in TAG attributable to an 
exercise bout should be related to the amount of muscle TAG utilised 
during the exercise bout. Since the fat utilisation has been reported to be 
related to the intensity of exercise bout (Romijn et al., 1993), this should 
result in different lipid responses in the post-exercise recovery period 
between the two intensity bouts. 
The aim of the first three studies of this thesis was to compare the effects 
of walking at two different intensities on serum lipid and lipoprotein 
variables in both the fasted (study 1; Chapter IV) and postprandial (studies 
2 and 3; Chapters V and VI) states. 30% and 60% V02max were the two 
intensities which were selected because they represent the range of exercise 
intensities which are commonly seen in walking and because during these 
intensities most of the energy is supplied from fat metabolism. 
One of the aims of the fourth study (Chapter VII) was to investigate the 
effect of a bout of moderate intensity walking on the lipaemic responses to 
a fat meal in middle aged women 35 to 50 years. Middle aged individuals 
were selected because most studies have involved young adults despite 
the fact that the risk for CHD increases with age. Another reason was that 
despite CHD being the leading cause of mortality in women (Bush, 1991), 
relatively few studies have been conducted in them. In order to further 
understand the mechanism by which exercise may attenuate the lipaemic 
responses of a meal, a second aim of this study was to compare the 
lipaemic responses to a group of endurance trained middle aged women 
with a group of untrained middle aged women. It is reasonable to suggest 
that adaptations occurring in chronically trained muscles may influence 
lipoprotein metabolism during and after an acute bout of exercise to a 
greater degree than may be evident in the untrained state. Expired air 
samples were collected before and after the ingestion of the meal in this 
study, in an attempt to examine the metabolic responses of the meal. 
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All the studies in this thesis have involved walking, since it is an 
endurance activity involving 'large muscle groups· and it is also the 
simplest and safest activity that the least active individuals can do. If a 
particular exercise intensity has an effect in attenuating the deposition of 
the damaging particles in arterial walls, then these results may have 
important implications in the prescription of the most appropriate 
regimen in which the least active people can perform by having potential 
benefits for the prevention of atherosclerosis. 
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CHAPTER 11 
REVIEW OF LITERATURE 
2. 1. INTRODUCTION 
The aim of this review is to present a framework of the effects of an acute 
bout of prolonged exercise and training status on lipid and lipoprotein 
metabolism in both the fasted and postprandial states. This review has 
been divided into six major sections. The different classes of lipoproteins 
and their metabolism are discussed in detail in section 2.2 .. The different 
methods for the quantification of postprandial lipaemia and the factors 
that determine it are shown in section 2.3. The relationship between 
lipoprotein metabolism and atherosclerosis is presented in section 2.4. 
Section 2.5. considers the effects of an acute bout of prolonged exercise and 
training status on various lipid and lipoprotein parameters in both the 
fasted and postprandial states. The energy supply mechanisms and the 
metabolic changes occurring in skeletal muscle during and after prolonged 
exercise are discussed in section 2.6. 
2.2. LIPOPROTEIN METABOLISM 
Lipoproteins are macromolecular complexes of lipids (TAG, free 
cholesterol, cholesteryl-esters and phospholipids) and one or more specific 
proteins designated apolipoproteins or apoproteins (Brewer et al., 1988). 
Lipoproteins serve as the vehicles for the transport of lipids in soluble 
form in the blood (Newsholme and Leech, 1983). All plasma lipoproteins 
have the same basic globular structure (Fig. 2.1.). Thus, within the outer 
part of the lipoprotein are found the more polar lipids (phospholipids and 
free cholesterol) and the apoproteins. The apoprdteins are a group of 
proteins of immense structural diversity, some of which have a largely 
structural role and others of which are major metabolic regulators 
(Durrington, 1989). The more hydrophilic components form a spherical 
surface that surrounds the more hydrophobic lipids, the esterified 
8 
cholesterol and TAG (Chappell and Spector, 1991). Lipoproteins have 
traditionally been divided into five broad classes according to their density: 
chylomicrons, very low density lipoproteins (VLDL), intermediate density 
lipoproteins (IDL), low density lipoproteins (LDL) and high density 
lipoproteins (HDL). Chylomicrons, VLDL and their remnants are called 
TAG-rich lipoproteins throughout this thesis. HDL particles can be further 
separated into two subclasses according to their lipid and protein 
components: the lipid enriched HDL2 particle and the protein enriched 
particle HDL3. All the lipoprotein classes, their density, the major lipids 
and apoproteins that they carry as well as their origin are presented in 
Table 2.1. Upon entering the circulation, lipoproteins undergo a 
complicated series of modifications (Chappell and Spector, 1991). 
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Fig. 2.1. Generalised structure of a plasma lipoprotein (modified from 
Mayes, 1983). 
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Table 2.1. Classes, ongw, density and composition of the lipoproteins 
in plasma of man (Mayes, 1983; Chappell and Spector, 1991). 
Fraction Origin Density %TAG %TC %FC %PROS %APO MajorAPO 
Chylomicrons intestine <0.96 88 3 1 8 1-2 B48/A 
VLDL liver 0.96-1.006 56 15 8 20 7-10 Bl00/E/C 
IDL plasma 1.006-1.019 29 34 9 26 11 Bl00/E 
LDL plasma 1.019-1.063 13 48 10 28 21 BI00 
HDL liver / 1.063-1.210 3 16 4 27 44 AIl All 
intestine 
RDL2 1.063-1.125 16 31 10 43 33 
RDL3 1.125-1.210 13 29 6 46 57 
%, percentage by mass; TAG, triacylglycerol; TC, total cholesterol; FC, free cholesterol; 
PHOS, phospholipids; APO, apoproteins 
2.2.1. Digestion, absorption and secretion of lipids 
.Most of the dietary intake of fat is in form of TAG, only a small fraction 
consisting of cholesteryl esters and phospholipids (Durrington, 1989). 
Although the majority of TAG digestion (hydrolysis) is completed in the 
small intestinal lumen, the digestion starts in the stomach, catalysed by 
the gastric lipase (Tso, 1985). This lipase is secreted from glands in the 
fundus of the stomach (Gurr, 1988). Partial hydrolysis of the fat droplets 
(10-30% of dietary TAG) by gastric lipase facilitates subsequent complete 
hydrolysis by the other lipases (Gurr, 1988). Emulsification of dietary lipids 
continues in the duodenum (Tso, 1985). The ~ajor pancreatic enzymes 
involved in lipid digestion include pancreatic lipase, cholesterol esterase 
and phospholipase (Patsch, 1987). The end products of lipid hydrolysis that 
are presented for absorption include cholesterol, fatty acids, glycerol, 
monoacylglycerols, some diacylglycerols, TAG and phospholipids. These 
end products, however, are only poorly soluble in water and therefore are 
maintained in solution by the bile salts. The combination of bile acids with 
the above products of hydrolysis produces mixed micelles (Durrington, 
1989). Their formation is essential for efficient fat absorption. 
Lipid absorption occurs predominately in the jejunum. The digestion 
products pass from the mixed micelles into the enterocyte membrane by 
passive diffusion (Gurr, 1988). Once in the enterocytes, long chain fatty 
acids and monoacylglycerols are re synthesised into TAG and cholesterol is 
re-esterified. The major site of lipid resynthesis in the enterocyte is the 
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endoplasmic reticulum (Tso, 1985). Within the intestinal epithelial cells, 
res·ynthesised TAG and esterified cholesterol pack into a monolayer of 
phospholipids and apoproteins (apo B-48 and apo A-I, A-II and A-IV) to 
form the largest lipoprotein species, the chylomicrons (Gurr, 1988). 
Chylomicrons are secreted from the Golgi vacuoles into the intracellular 
spaces, where they reach the intestinal lymph, pass the thoracic duct and 
enter the general circulation through the subclavian vein (Patsch, 1987). 
Chylomicrons transport dietary fat (exogenous) from the site of absorption 
to various cells of the body (Mahley, 1991). Once in the circulation, they 
undergo rapid modification and interact with other lipoproteins and other 
organs, as presented in the next section. Chylomicrons begin to appear in 
the plasma within 1 hour after the ingestion of fat (Patsch, 1987). 
2.2.2. Chylomicron and chylomicron remnant metabolism 
As illustrated in Fig. 2.2., the newly secreted or nascent chylomicrons 
undergo rapid modifications where some new components joining the 
particles. Thus, Apos C-I, C-I1, C-I1I and E are transferred to .the 
chylomicron particles from HDL (Patsch, 1987). Once the chylomicron has 
acquired the apo C-II, it is capable of activating the enzyme, lipoprotein 
lipase (see, section 2.2.5.1.) present on the luminal surface of capillary 
endothelial cells of many tissues (Mahley, 1991). This enzyme releases 
TAG from the core of the chylomicrons by hydrolysing them to fatty acids 
and glycerol, which are taken up by the tissues locally (Eckel, 1989). The 
hydrolysis of chylomicron TAG continues until approximately 70-90% of 
the TAG is removed (Chen and Reaven, 1991). In this way, the circulating 
chylomicron becomes progressively smaller. Its TAG content decreases but 
it retains its cholesterol and apo B-48 along with an important apoprotein, 
apo E (Brown et al., 1981). As the core shrinks, its surface materials 
(phospholipids, cholesterol, apos A and C) are transferred to HDL particles 
(Eisenberg, 1984). The cholesterol enriched, relatively TAG depleted 
product of chylomicron metabolism is known as the chylomicron 
remnant. It is largely removed from the circulation in the liver primarily 
via the chylomicron remnant receptor whose ligand is apoprotein E 
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(Havel, 1986). Chylomicron remnants are considered to be atherogenic 
(Zilversmit, 1979). 
SMALL 
INTESTINE 
Dteta'YTAG 
Lymphatlcs 
EXTRAHEPATIC 
TISSUES 
........ __ --'~-.. Fatty adds 
Fig. 2.2. Chylomicron and chylomicron remnant metabolism (modified 
from Mayes, 1983). A, B-48, C and E, apoproteins; HDL, high density 
lipoproteins; TAG, triacylglycerol; C, cholesterol; P, phospholipids 
2.2.3. VLDL, IDL and LDL metabolism 
In the fasted state, chylomicrons are absent from the circulation. During 
this state, lipoprotein metabolism begins from the liver, where VLDL 
particles are synthesised to transport TAG and free cholesterol from the 
hepatocytes to various tissues (Mahley, 1991). VLDL are TAG-rich particles 
but somewhat smaller than the chylomicrons (Table 2.1.). As shown in 
Fig. 2.3., once VLDL are secreted into the circulation, they undergo exactly 
the same sequence of changes as chylomicrons; that is the acquisition of 
apoproteins (a po C-II and E from HDL) and the progressive removal of 
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TAG from their core by the enzyme LPL (Chappell and Spector, 1991). The 
interaction of VLDL with LPL is less efficient than the interaction of 
chylomicrons with this enzyme (Potts et al., 1991). The circulating VLDL 
particles become progressively smaller as their core is removed by lipolysis 
and surface materials (free cholesterol, phospholipids, apo C-II) are 
transferred to HDL. By this processing, VLDL particles progressively 
generate a series of smaller, cholesterol enriched lipoproteins, namely IDL 
and LDL. In addition to conversion to LDL, some VLDL remnants and IDL 
are removed from the plasma by the remnant and LDL receptors (Brewer 
et a/., 1988). LDL represent the end product of VLDL catabolism. Produced 
in the plasma by further modification of IDL, LDL are the major 
cholesterol-transporting lipoproteins in the plasma (Mahley, 1991). LDL 
enter the cells by two routes: (i) by a cell surface high affinity receptor 
which specifically binds to lipoproteins that contain apo B-l00 or E (apo B-
100lE receptor) and (ii) by a low affinity non-receptor-mediated pathway 
present for example in scavenger cells or macrophages (Brown et al., 1981). 
About two-thirds of the LDL is believed to be removed by the former 
mechanism whereas the other one-third is taken up from the latter 
pathway (Gotto, 1990). 
2.2.4. HDLmetabolism 
There are at least three different sources of HDL: (i) the chylomicrons and /" 
the VLDL (Fig. 2.2. and 2.3.), which may be considered together, (jj) the 
intestine, which secretes the apos associated with phospholipid that 
constitute a nascent form of HDL and (iii) the liver, which also secretes a 
nascent form of HDL (Gotto, 1990). The nascent HDL particles interact with 
the plasma enzyme lecithin cholesterol acyl transferase, which esterifies 
free cholesterol (Nilsson-Ehle et a/., 1980). The newly formed cholesteryl 
esters are incorporated into the hydrophobic core of HDL, leaving the 
lipoprotein surface depleted of free cholesterol, thus ensuring a continued 
movement of cholesterol from tissues into the plasma (Barter et al., 1987). 
Virtually all of the cholesteryl esters in human plasma are formed in the 
reaction catalysed by this enzyme. The newly synthesised cholesteryl esters 
are transferred back to TAG-rich particles and LDL, through the action of 
the plasma cholesterol ester transfer protein (Tall et al., 1986). Since VLDL 
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are degraded in vivo to LOL, the end result of the transfer process is the 
delivery of cholesteryl esters from the core of HOL to the core of LOL. The 
most obvious physiological consequence of the presence of cholesterol 
ester transfer protein (CETP) is that cholesteryl esters of lecithin 
cholesterol acyl transferase (LCAT) origin may be delivered to tissues as a 
result of the uptake of anyone of the plasma lipoprotein fractions (Barter 
et al., 1987). The activities of both enzymes have been reported to be 
increased after a fat load (Rose and Juliano, 1977; Tall et al., 1986). HOL 
have been proposed to interact with a putative HOL receptor, which 
facilitates the transport of excess cholesterol from cells back to the liver. 
This is known as the reverse cholesterol transport mechanism (Brewer et 
al., 1988). 
LDL 
(Apo·B-100.E) 
. EXTRAHEPATIC 
TISSUES 
Glycerol 
EXTRAHEPATIC 
:nSSUES 
LIPOPROTEIN LIPASE 
------~,.;,: ~ .. Fatty acids 
Fig. 2.3. Very low density lipoprotein (VLDL), intermediate density 
lipoprotein (IDL) and low density lipoprotein (LDL) metabolism 
(modified from Mayes, 1983). A, B-100, C and E, apoproteins; HDL, 
high density lipoproteins; TAG, triacylglycerol; C, cholesterol; P, 
phospholipids 
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2.2.5. Enzymes involved ill TAG hydrolysis 
2.2.5.1. Lipoprotein lipase (LPL) 
LPL is the rate-limiting enzyme in the hydrolysis of TAG and therefore 
has a key role in the metabolism of TAG-rich particles (chylomicrons and 
VLDL; Taskinen and Kuusi, 1987). LPL is present in a variety of tissues: 
adipose tissue, skeletal and heart muscle, lungs, hypo thalamus and 
lactating mammary gland (Cryer, 1981). The major sources of the enzyme 
activity in humans are adipose tissue and skeletal muscle, which are the 
most important determinants for the removal rate of TAG-rich particles 
(Nilsson-Ehle et aI., 1980). The enzymatic action of LPL results in the 
generation of mono-and di-acylglycerols, as well as free fatty acids which 
can be used as fuel for energy (muscle tissue) or re-esterified for storage 
(adipose and muscle tissues). In addition, LPL's hydrolytic function is 
essential for normal processing of TAG-rich lipoproteins to chylomicron 
remnants, VLDL and LDL, and for transfer of phospholipids and 
apoproteins to HDL (Santamarina-Fojo and Dugi, 1994). The importance of 
this enzyme in the hydrolysis of TAG particles is elegantly demonstrated 
in diseases such as LPL deficiency which is characterised by fasting 
chylomicronaemia, marginally increased VLDL and low HDL and LDL 
concentrations (Taskinen and Kuusi, 1987). 
LPL is described as a glycoprotein with a CHO content of 3-10% by weight 
(Nilsson-Ehle et aI., 1980). It is synthesised in parenchymal cells, but it 
functions at the luminal surface of the vascular endothelium (Eckel, 1989). 
Therefore, the LPL functional activity of the tissues must be at, or near, the 
luminal surface of the capillary endothelial cells (Cryer, 1981). The enzyme 
is anchored to endothelial cell surfaces via interaction with heparan 
sulphate proteoglycans (Olivecrona and Bengtsson-Olivecrona, 1993). One 
of the features of LPL is the requirement of a specific activator protein, apo 
C-U, which is a natural component of the substrate lipoproteins. It is 
possible that apo C-U induces conformational changes in the enzyme 
which facilitate its interaction with the substrate interface or influence the 
specificity of the catalysis (Taskinen and Kuusi, 1987). The regulation of 
LPL activity in each specific tissue is independently regulated and probably 
under hormonal control (Eckel, 1989). LPL can be assayed in postheparin 
plasma or in tissues. The LPL activity in postheparin plasma reflects the 
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enzyme activity released from both adipose and skeletal tissue (Taskinen 
and Kuusi, 1987). 
2.2.5.2. Hepatic lipase (HL) 
Following the initial hydrolysis of chylomicron-TAG and VLDL-TAG by 
LPL at capillary surfaces of peripheral tissues, further modification of the 
particles produced has been proposed to result from the action of a TAG 
lipase originating in the liver (Nilsson-Ehle et aI., 1980). This lipase has a 
role in the catabolism of several lipoprotein classes and is most 
conveniently called HL (Taskinen and Kuusi, 1987). HL acts on HDL 
phospholipids, the process indirectly regulating serum HDL-C. In addition, 
HL seems to play a role in the hydrolysis of HDL-TAG which are 
transferred from VLDL to HDL. It may also have a role in the conversion 
of small VLDL to IDL (Olivecrona and Bengtsson-Olivecrona, 1993). One of 
the basic properties of HL is its ability to bind to heparin. This explains 
why it is located on the luminal surface of liver endothelial cells in a 
similar way to LPL in extrahepatic tissues (Taskinen and Kuusi, 1987). 
2.3. POSTPRANDIAL LIPAEMIA 
Although the major part of a life time is spent in the postprandial s~ate i.e. 
the time period between food ingestion and 6-8 hours thereafter, most 
studies on lipid transport have been performed in the postabsorptive state 
(overnight fasting) during which, lipid transport system has reached a 
state of equilibrium (Foger and Patsch, 1993). Recently interest has been 
growing in analysing lipoproteins in the postprandial state since it has 
been demonstrated that plasma TAG concentrations in the postprandial 
state can serve as independent predictors for CAD in multivariate analysis 
(Patsch et al., 1992). The methods for the assessment of postprandial 
metabolism along with the most important determinants of lipaemia are 
discussed in the next two sections (2.3.1 and 2.3.2.). 
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2.3.1. Methods for assessing postprandiallipaem ia 
The lipoprotein species of primary interest in the postprandial phase are 
the intestine-derived chylomicrons. In order to monitor chylomicron 
levels, TAG are determined. However, evidence exists to show that the 
rise in serum TAG concentration in the postprandial state may be the 
result of both newly absorbed chylomicrons and newly produced VLDL 
from the fatty acids of chylomicrons (Karpe et ai., 1993). Therefore, by 
simply measuring the TAG concentration in the serum a differentiation 
in the origin of TAG-rich lipoproteins is impossible. An alternative 
method is the employment of retinyl esters as a marker of cholesteryl ester 
transport by chylomicrons and their remnants. Finally, the determination 
of apoprotein component of chylomicron (apo B-48) has been used for the 
assessment of chylomicron metabolism in the postprandial state (Foger 
and Patsch, 1993). 
2.3.1.1. Oral fat tolerance test 
In this method, a liquid (usually cream alone with a flavouring) or a solid 
high fat (usually mixed with a small amount of CHO) meal is ingested 
after an overnight fast and venous samples for the determination of 
serum TAG concentrations are obtained at hourly intervals for the next 6-
10 hours after the ingestion of the fat load. It is the simplest and the most 
lifelike way to assess postprandial lipaemia. The magnitude of the 
triacylglycerolaemic response to the fat meal is quantified as the area 
under the curve for postprandial TAG values corrected for the baseline 
value (Patsch et ai., 1983). The oral fat tolerance test is based on the 
assumption that the magnitude of triacylglycerolaemia that follows the 
ingestion of the fatty meal is inversely relate~ to the rate of chylomicron-
TAG clearance (Cohen, 1989). Because the rate of TAG absorption is not 
controlled during this procedure, however, chylomicron-TAG clearance 
cannot be quantitatively determined by this method. In addition, this 
method does not differentiate the contribution of exogenous TAG 
(chylomicrons) from the endogenous TAG (liver). 
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2.3.1.2. Intravenous fat tolerance test 
This test aims to examine the first step of chylomicron catabolism, TAG 
hydrolysis by LPL. In this way, this test eliminates TAG absorption as a 
confounding factor in the estimation of chylomicron TAG clearance 
(Cohen, 1989). An artificial TAG emulsion (e.g. Intralipid) is rapidly 
injected and venous blood is obtained shortly after the injection for the 
determination of TAG concentration. Elimination follows first order 
kinetics with a constant percentage of the emulsion cleared from the 
plasma per unit time, designated K2 (Foger and Patsch, 1993). 
2.3.1.3. Oral vitamin A test 
The postprandial TAG increase is partly caused by VLDL of hepatic origin 
(Karpe et al., 1993; Cohn et al., 1993), whose TAG portion is superimposed 
on that of postprandial chylomicronaemia. In an effort to distinguish 
between intestine-derived chylomicrons and hepatic VLDL, vitamin A has 
been used as a marker in many studies (Weintraub et aI., 1987a; Berr and 
Kern, 1984). The rationale for this approach is based on the metabolic fate 
of ingested vitamin A. During absorption, vitamin A is incorporated as 
retinyl esters into the core of TAG-rich chylornicrons. After entry into the 
circulation, vitamin A is transported with chylomicrons to the liver but 
not resecreted with VLDL. Therefore, its measurement is a convenient 
way of distinguishing chylomicrons and chylomicron remnants from 
VLDL and IDL of hepatic origin (Schneeman et ai., 1993). The accuracy of 
this method has been questioned, however, because of the experimental 
evidence that retinyl esters are transferred from chylomicrons to other 
lipoprotein fractions (Krasinski et al., 1990a; Cohn et al., 1993). 
2.3.1.4. Determination of apoproteins inpostprandial plasma 
The most common problem of the above methods is the lack of 
differentiation of TAG particles of intestinal and hepatic origin. Apo B-48 
and apo B-100 are the main structural apoproteins of TAG-rich 
lipoproteins of intestinal and hepatic origin, respectively, and are not 
subject to exchange with other lipoproteins. Quantification of apo B-48 in 
plasma would allow calculation of the number of circulating 
chylomicrons and chylomicron remnants, albeit without information on 
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their lipid composition. However, exact quantification of apo B-48 by 
immunological methods has proved extremely difficult because apo B-48 
is fragment of apo B-I00 and reaches postprandial peak concentrations 
only about 2% of those of apo B-I00 (Karpe et al., 1993; Cohn et al., 1993; 
Schneeman et al., 1993). 
2.3.2. Factors that determ ine postprandial /ipaem ia 
The magnitude of the postprandial responses shows by far the greatest 
interindividual variability among all parameters of lipid transport, 
matched only by the levels of HDL2 in the fasted state (Patsch et al., 1983). 
Some of the most important physiological factors that may influence this 
various response among different individuals are discussed below. 
2.3.2.1. Fa sti ng TAG pool si ze 
The most powerful regulator of the postprandial plasma TAG 
concentration appears to be the size of the fasting (endogenous) TAG pool 
(Chen and Reaven, 1991). Denborough (1963) firstly demonstrated that the 
degree of postprandial lipaemia was closely correlated with the fasting 
plasma TAG concentration in patients with CHD. These observations were 
extended by Nestel (1964) who indicated that plasma TAG concentrations 
following a fat meal were significantly correlated with the fasting TAG 
concentration in both normal subjects and in individuals with CHD. In 
addition, he found that a high fasting plasma TAG concentration was 
associated with a slow removal rate of injected chylomicrons from the 
plasma (Nestel, 1964). This led to the speculation that impaired 
chylomicron TAG clearance reflects a competition of chylomicrons with 
VLDL for removal (Grundy and Mok, 1976) since both compete for the 
action of LPL (Brunzell et al., 1973). Thus, the larger the endogenous TAG 
pool, the less efficient will be the catabolism of newly absorbed TAG-rich 
lipoproteins of intestinal origin, and the greater the increment in 
postprandial TAG concentration. Since then, many studies have 
demonstrated that the magnitude of postprandial lipaemia is directly 
related to the fasting TAG 'co~centration (Patsch et al., 1983; 1984; 1987; 
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Lewis et al., 1990; O'Meara et al., 1992; Potts et aI., 1994) and inversely to the 
activity of LPL (Pats ch et al., 1987; Weintraub et al., 1987a). Implicit in this 
formulation are two assumptions: (i) essentially all dietary fat is absorbed; 
and (ii) the increment in postprandial response is entirely due to synthesis 
and secretion of newly absorbed fat (Chen and Reaven, 1991). There is 
evidence in support of the first assumption. On the other hand 
demonstration of a postprandial increase of apo B-100 in TAG-rich 
lipoproteins (Karpe et al., 1993; Cohn et aI., 1993; Schneeman et al., 1993) 
raises the possibility that the increment in plasma TAG concentration after 
a fat rich meal may be at least partly due to hepatic secretion of TAG-rich 
particles. Despite this, it is well documented that any evaluation of the 
effect of a specific variable on postprandial lipaemia must take into 
account the fasting plasma TAG pool size. 
2.3.2.2. Plasma insulin concentration 
An enhanced hydrolysis of TAG-rich lipoproteins will undoubtedly 
decrease the magnitude of lipaemia. Since the hydrolysis of these 
lipoproteins is dependent of the activity of LPL (section 2.2.5.1.), factors 
that could influence the activity of this enzyme may attenuate the TAG 
responses to the meal. Two important factors that are known to have an 
effect on the activity of LPL are diet, through its effect on insulin, and 
physical exercise. The effect of exercise on the activity of LPL will be 
discussed in detail in another section (2.5.3.). Several studies have shown 
that insulin has an opposite effect on the LPL activity in adipose and 
skeletal muscle tissues. Thus, a high insulin concentration is associated 
with an increase in adipose tissue LPL activity and a decrease in skeletal 
muscle LPL activity (Eckel, 1987). Lithell et al. (1978a) found that the LPL 
activity in adipose tissue was 45% higher in the fed state compared to the 
fasted state whereas. its activity in muscle tissue was 31 % lower in the fed 
compared with the fasted state. Sadur et al. (1984) found that an acute fat 
feeding with insulin and glucose infusions diminished the insulin 
responsiveness of adipose tissue LPL activity. Other findings suggest that 
increased plasma insulin concentrations downregulate the LPL activity in 
human skeletal muscle. Thus, a short term (3 days) CHO-rich diet was 
associated with high plasma insulin concentrations and lower LPL activity 
in human skeletal muscle than seen on a mixed diet whereas a short term 
(3 days) high fat diet was associated with low plasma insulin and glucose 
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values but higher LPL activity compared to the mixed diet (Jacobs et a/., 
1981; Lithell et al., 1982). On the basis of these data it might be suggested 
that muscle LPL activity is sensitive to variation in plasma insulin 
concentrations (Kiens et a/., 1989). Apart from the role of insulin in the 
activity of LPL, insulin may influence postprandial lipaemia through its 
effect on the suppression of VLDL secretion by the liver (Frayn, 1993). In 
this way, hepatic TAG-rich particles do not accumulate in the circulation 
resulting in a less pronounced postprandial lipaemia. 
2.3.2.3. Amount. type and composition of the fat meal 
Dietary TAG is almost completely absorbed (95 %) in healthy men (Pats ch, 
1987) and therefore postprandial serum TAG concentrations are likely to 
be determined, at least in part, by the quantity of TAG consumed in a 
meal. The relationship between the TAG content of a meal and the 
magnitude of postprandial lipaemia induced by the meal has examined in 
a few studies (Cohen et al., 1988; Demise et a/., 1989; Lewis et al., 1973; 
Isherwood et al., 1994) which clearly showed that the more fat in a meal, 
the greater was the increase in postprandial lipaemia. Thus, either 100 or 
120 g of fat (in the form of cream with flavouring) resulted in a higher 
lipaemic response compared to 50 or 40 g of fat (Demise et a/., 1989 and 
Cohen et a/., 1988, respectively). In addition, two of the above studies 
(Lewis et al., 1973; Isherwood et al., 1994) showed a direct association 
between the amount of fat ingested and the rise in plasma chylomicrons 
particles. 
Another factor that seems to influence postprandial lipaemia is the type of 
dietary fat which is ingested (saturated vs polyunsaturated). Thus, 
Weintraub et al. (1988) have reported that an acute load of 
polyunsaturated fat (fish oil or safflower oil) is cleared more rapidly than 
saturated fat, probably because of a decreased plasma concentration of 
chylomicrons and chylomicron remnants and/or an increased 
susceptibility of polyunsaturated chylomicrons to the action of LPL. In 
addition, Nestel and Barter (1973) found that the clearance rate of 
Intralipid TAG was significantly higher after 4-day period on a 
polyunsaturated fat-enriched diet than after a similar period of saturated 
fat, indicating that removal has been stimulated by the polyunsaturated 
diet (Nestel and Barter, 1973). 
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The ingestion of a meal containing fat only (i.e. cream with a flavouring) 
may not be palatable and realistic in terms of every day life situation. The 
ingestion of mixed meals, high in fat and low in CHO content may be 
preferable. The effect of the amount and type of CHO added to a fat meal 
on the serum TAG responses has been investigated in many studies. Thus, 
Cohen and Schall (1988) found that the addition of 50 g of glucose or 
sucrose to a fat meal (40 g) had no effect on the magnitude of postprandial 
lipaemia compared to fat alone. On the other hand, the addition of 
fructose (50 g) or sucrose (100 g) to the fat meal was associated with an 
approximate doubling of postprandial lipaemia. These authors have 
suggested that fructose may have increased the influx of TAG into the 
blood, although this was not measured in their study. In an attempt to 
examine the mechanism by which fructose may affect lipaemia, Jeppesen 
et al. (1995b) have used vitamin A to label intestinal lipoproteins. They 
found that the addition of fructose (50 g) to a standard fat load (40 g) 
resulted in higher both postprandial TAG concentration and retinyl 
palmitate in chylomicron lipoproteins, indicating that TAG-rich 
lipoproteins of intestinal origin play a role in the fructose induced 
accentuation of postprandial lipaemia (Jeppesen et al., 1995b). In addition, 
another study (Grant et al., 1992) showed that the clearance of TAG was 
delayed when sucrose was added to a fat load. More information is needed 
in order to understand the impact of dietary CHO on postprandial 
lipaemia. 
2.3.2.4. Apoprotein E 
Apoprotein E is a constituent of plasma VLDL, IDL, HDL and chylomicron 
remnants. It is recognised by LDL receptors and hepatic chylomicron 
remnant receptors and mediates hepatic uptake of IDL and chylomicron 
remnants (Brown and Roberts, 1991). Different forms of apo E have been 
recognised in humans due to genetic variation in the apo E gene resulting 
from three common alleles in the population, E4, E3 and E2 with 
frequencies of 15, 75 and 10% respectively (Weintraub et al., 1987b). These 
alleles produce gene products with different isoelectric points, designated 
from basic to acid, i.e. E4, E3 and E2, respectively. These three alleles result 
in three homozygous phenotypes, E4/4, E3/3 and E2/2, with approximate 
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frequencies 2, 56 and 1 % respectively, and three heterozygous phenotypes, 
E4/3, E3/2 and E4/2, with frequencies 23, 15 and 3% respectively 
(Weintraub et al., 1987b). Results of three investigations using vitamin A 
to assess chylomicron and chylomicron remnant metabolism have all 
shown that dietary fat clearance is modified by the apo E composition of 
intestinally derived lipoproteins (Brown and Roberts, 1991; Weintraub et 
al., 1987b; Brenninkmeijer et al., 1987). Weintraub et al. (1987b) studied 27 
normal individuals, nine who were E3/2, ten who were E3/3 and eight 
who were either E4/4 or E4/3. The results indicated that the chylomicron 
remnant concentration after an oral fat meal was highest in E3/2 subjects, 
lowest in the E4/3 and E4/4 individuals and intermediate in those 
classified as E3/3. Brenninkmeijer et at. (1987) performed experiments in 
16 normolipidaemic subjects - five who were E2/2, six who were E3/2 and 
five who were E3/3, E4/3 and E4/4 - and indicated that there was a delay in 
the removal of chylomicrons and chylomicron remnants in the E2/2 
subjects but not in those with E3/2. Finally, another study (Brown and 
Roberts, 1991) showed that five individuals with E3/4 or E4/4 had the 
lowest TAG and chylOmicron response compared to the E3/3 group (n=14). 
Thus, there seems to be good evidence that the apo E composition of TAG-
rich lipoproteins of intestinal origin plays an important role in regulating 
the catabolism of these lipoproteins. 
2.3.2.5. Age - Sex 
An effect of age on the magnitude of postprandial lipaemia was 
demonstrated by Cohn et al. (1988) who found that the total area under the 
TAG concentration time curve after a fat load was higher in older (66±2 
years) compared to younger individuals (29±2 years). Two other studies 
(Weintraub et al., 1987b; Krasinski et aI., 1990b), by administrating vitamin 
A to a fat load, examined _the effect of age on chylomicron and 
chylomicron remnant metabolism. Both studies pointed out that the 
postprandial concentration of retinyl palmitate in the chylomicron 
fraction was higher in older (50±13 and 65±1, respectively) as compared 
with younger (21±3 and 32±1, respectively) subjects. Krasinski et al. (l990b) 
further found that these' increased postprandial retinyl ester 
concentrations in older subjects were due to a delayed plasma clearance of 
retinyl esters in TAG-rich lipoproteins of intestinal origin. 
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It has been shown that the magnitude of postprandial lipaemia is affected 
by sex. Thus, several studies have demonstrated that women have been 
characterised by a lower lipaemic response to a fat meal compared with 
men (Kashyap et al., 1983; Baggio et al., 1980; Ohta et al., 1992). This lower 
lipaemic response in women may be the result of enhanced clearance of 
the fat load (Tollin et aI., 1985), possibly mediated by their higher activity 
of LPL in the adipose tissue (Taskinen and Kuusi, 1986). The small 
number of subjects .in each sex (!> 6) in most of the above studies, however, 
may indicate that further studies are needed in this area with bigger 
sample sizes. 
2.4. LIPOPROTEIN METABOLISM AND ATHEROSCLEROSIS 
Coronary heart disease (CHD) is the largest single cause of death in both 
men and women in the United Kingdom (Poulter, 1993), United States 
(Steinberg, 1986) and most of the rest Western World and, with very few 
exceptions, CHD is due to atherosclerosis. Women have lower CHD rates 
than men but this sex difference reduces after middle age (Khaw and 
Sharp, 1994). Although CHD has been known and described for centuries, 
the pathogenesis of this disease process has been poorly understood. One 
important hypothesis that has been formulated concerning the aetiology 
and pathogenesis of atherosclerosis is the response-to-injury hypothesis 
(Ross, 1982). This hypothesis proposes that some form of "injury" to the 
lining endothelial cells results in a sequence of events that include intimal 
smooth muscle cell proliferation, new connective tissue formation and 
accumulation of both intracellular and extracellular lipid that leads to the 
different forms of the lesions of atherosclerosis (Ross, 1982). 
Whilst much more remains to be learned of the aetiology of CHD, the 
major risk factors do seem apparent from national and international data. 
In general it has been shown in these studies that high plasma cholesterol 
concentrations, smoking, hypertension, obesity, diabetes mellitus, low 
physical activity during leisure time and psychological stress are 
independent risk factors for CHD among men as well as women 
(Wilhelmsen, 1986). The risk ·factors for CHD, most simply defined as 
individual characteristics that predict the probability of developing such 
) 
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disease, are themselves the results of genetic environmental interactions 
as well as acting as intervening variables in the process (McGill, 1988). 
Since one of the principal features of atherosclerosis is the focal deposition 
of lipids in the inner layers of the artery wall, the association between 
atherosclerosis and the cholesterol and TAG concentration of various 
lipoprotein classes are discussed in the following two sections (2.4.1. and 
2.4.2.). 
2.4.1. TC, LDL-C, HDL-C and atherosclerosis 
The first evidence linking cholesterol concentrations in plasma to human 
atherosclerosis came from case control studies that showed that CHD 
patients had higher concentrations of cholesterol in plasma than controls. 
Subsequently, longitudinal epidemiological studies, such as the 
Framingham heart study, the Israeli prospective study, and the Multiple 
Risk Factor Intervention Trial found that the concentration of cholesterol 
in plasma predicted the incidence of CHD. Angiographical studies further 
showed a strong individual correlation between plasma cholesterol 
concentration and lesions (Grundy, 1986). As knowledge about the 
structure and function of specific classes of lipoproteins developed, 
evidence accumulated that each lipoprotein had a different relationship to 
atherosclerosis. Thus LDL-C concentration is directly associated and HDL-C 
concentration is inversely related with clinical atherosclerotic disease. 
Since most cholesterol in plasma is transported in LDL, this lipoprotein 
accounts for most of the linkage between the plasma cholesterol level and 
CHD. The atherogenic effect of high plasma LDL level is demonstrated 
most dramatically in patients with genetic disorders of LDL metabolism 
(familial hypercholesterolaemia; Brown and Goldstein, 1984), but it is also 
revealed in population studies (Grundy, 1986). 
The possible significance of HDL in relation to CHD was not seriously 
examined until 1975, when Miller and Miller (1975) proposed that the rate 
of progression of atherosclerosis might be an inverse function of the 
plasma HDL-C concentration. After this suggestion, several major 
prospective epidemiological studies have established strong inverse, and 
independent relation between HDL-C and CHD risk. Gordon et al. (1989) 
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have reanalysed the Framingham Heart Study, the Lipid Research Clinics 
Prevalence Mortality Follow up Study, the control groups of the Coronary 
Primary Prevention Trial and the Multiple Risk Factor Intervention Trial 
and came to the conclusion that HDL-C continues to stand as a strong and 
independent risk factor for CHD and that 0.026 mmoJ.J·l (1 mg·dJ-l) 
increment in HDL-C is associated with a CHD risk decrement of 2% in 
men and 3% in women. With regard to HDL subclasses, it appears that (i) 
the low HDL-C levels in humans with clinically significant CHD reflect 
reductions of both HDL2 and HDL3 and that (ii) the reduction of HDL2 
tends to be proportionally greater than HDL3 (Miller, 1987). 
Regarding the role of HDL in the development of CHD, two major 
hypotheses have been proposed. Firstly, the "causalist" view assigns HDL a 
causally protective effect against atherosclerosis. According to this 
hypothesis, HDL traps excess cholesterol from cellular membranes by 
esterification and transfers the esterified cholesterol to TAG-rich 
lipoproteins which are subsequently removed by hepatic receptors 
(Leichleitner et ai., 1990). This reverse cholesterol transport from 
peripheral cells to the liver counteracts the deposition of cholesterol at 
sites where an excessive cholesterol load produces atherosclerosis. Thus, 
high HDL-C levels signify a high rate at which reverse cholesterol 
transport operates (Tall, 1990). Secondly, the "non-causalist" view in 
which HDL does not interfere directly with cholesterol deposition in the 
arterial wall but, rather reflects metabolism of TAG-rich lipoproteins and 
their conversion to an atherogenic process (Pats ch, 1994). According to this 
view, high HDL-C levels indicate an efficient metabolism of TAG-rich 
lipoproteins and a low production rate of atherogenic remnants. This is 
because rapid lipolysis of TAG-rich lipoproteins produces increased lipid 
uptake, formation of HDL2 and may protect the arterial wall; delayed 
lipolysis increases transfer of TAG from TAG-rich lipoproteins into HDL 
and cholesteryl ester from HDL into TAG-rich lipoproteins, through the 
action of cholesteryl ester transfer protein. In this way HDL-C is lost into 
TAG-rich lipoproteins, large HDL are converted into small HDL, the 
cholesterol carrying capacity of HDL decreases and the net effect is 
atherogenic. (Leichleitner et al., 1990). 
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2.4.2. TAG-rich lipoproteins and atherosclerosis 
In contrast to HDL-C, fasting TAG are not generally accepted as an 
independent risk factor for CHD. While the association of elevated fasting 
TAG levels with CHD usually withstands using univariate analyses, the 
relationship breaks down when multivariate analyses are employed. TAG 
are eliminated by HDL-C as a risk factor. The well documented, inverse 
association between HDL and TAG and the relatively large intra-
individual variation in TAG levels may explain why TAG concentration 
derived from a single fasting measurement does not emerge as an 
independent risk factor in multivariate analyses (Austin, 1989). A possible 
way to circumvent these problems in epidemiological studies may be to 
use not a single fasting TAG measurement but a measure of TAG 
metabolic capacity under strain: postprandial lipaemia. This should largely 
eliminate the "noi&e" inherent in single TAG measurements and provide 
a clue to average long-term TAG levels (Miesenbock and Patsch, 1992). 
There are two formulated hypotheses concerning the atherogenesity of 
TAG-rich lipoproteins: the Zilversmit hypothesis and the TAG 
intolerance hypothesis. Almost 16 years ago, Zilversmit (1979) originally 
proposed that some chylomicrons can be converted to remnants at the 
arterial surface of cholesterol fed rabbits and that these remnants can be 
incorporated into the intima by endocytosis. On the other hand, some 
chylomicron remnants already being hydrolysed by the activity of LPL in 
adipose or muscle tissue may not be cleared by the hepatic receptors but 
they may enter the artery wall and be taken by macrophages, giving rise to 
atheromatous foam cells just like LDL (Zilversmit, 1979). Additional 
support of Zilversmit (1979)'s findings can be found in the study of Ploren 
et al. (1981) who demonstrated in vitro that chylomicron remnants can 
induce an accumulation of cholesterol within cultured human arterial 
smooth muscle cells. In Zilversmit's hypothesis, the only target for 
intervention would be at the level of dietary intake. The TAG intolerance 
hypothesis suggested by Miesenbock and Patsch (1992), in contrast, not 
only focuses on dietary intake but extends to the phase thereafter, i.e. the 
individual's efficiency in transporting dietary lipids. According to the TAG 
intolerance hypothesis, a low TAG metabolic capacity per se constitutes a 
handicap that impacts CHD susceptibility. In other words, CHD risk is not 
linked exclusively or mainly to accumulation and misdirection of 
chylomicron remnants in the postprandial state, but rather to a general 
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impairment of TAG transport, irrespective of whether this impairment 
affects the metabolism of TAG-rich lipoproteins of intestinal or hepatic 
origin (Miesenbock and Patsch, 1992). The optimum situation is one in 
which TAG accumulation in the postprandial phase can be avoided, such 
that endogenous cholesteryl ester remains in HDL and LDL. This 
hypothesis therefore allows not only for dietary interventions but also for 
measures aimed at improving TAG metabolic capacity (Miesenbock and 
Patsch, 1992). 
Postprandial lipaemia is the most critical phase of TAG transport and 
measuring the magnitude of lipaemia is only a convenient tolerance test 
for TAG metabolic capacity. Case control studies (Simons et al., 1987; 
Simpson et al., 1990; Groot et al., 1991) have employed postprandial 
lipaemia in subjects with presence or absence of CHD and have shown 
that cases were characterised by a higher peak TAG concentration, a larger 
magnitude of lipaemia and delayed clearance of intestinally derived 
lipoproteins than controls, indicating inefficient clearance of chylomicron 
remnants. Unfortunately, no efforts were made to establish whether 
postprandial TAG and HDL-C are each independent predictors of CHD, or 
to estimate their quantitative share of the overall CHD risk. Such an 
analysis, however, was performed in a large study (Patsch et al., 1992) 
which examined postprandial metabolism in 61 men aged 40-60 years who 
had CHD and in 40 controls, both angiographically verified. The results of 
this study clearly showed that postprandial TAG but not fasting TAG 
levels exhibited an association with CHD that was statistically independent 
of HDL-C. Another study (Karpe et a/., 1994) found that small chylomicron 
remnants were implicated in the progression of atherosclerosis. The 
results of all the above studies may suggest that epidemiological studies 
should systematically measure the TAG concentration in the postprandial 
and not in the fasted state. 
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2.5. THE EFFECT OF TRAINING STATUS AND ACUTE 
PROLONGED EXERCIS E ON LIPID AND LIPOPROTEIN 
VARIABLES IN THE FASTED AND POSTPRANDIAL STATES 
Since the first observation in mid fifties (Morris et al., 1953), 40 years of 
research carried out in many countries strongly supports the suggestion 
that regular exercise reduces the risk of coronary heart disease (CHD) in 
men and that its influence is strong, independent and graded (PoweU et 
aI., 1987; Hardman, 1993). The mechanisms by which exercise influences 
the incidence of CHD are not weU understood. The role of exercise in 
influencing established CHD risk factors (lipoprotein metabolism, 
hypertension, obesity) may partiaUy explain its effect on CHD incidence 
rates. On the other hand, there is evidence to show that the effect of 
exercise is a direct one, since most epidemiological studies that have 
controlled for selected risk factors have found an independent effect of 
exercise on these CHD incidence rates (Morris, 1995). 
Based on the growing evidence for the role of lipoproteins in the 
development of CHD (section 2.4.), the effects of exercise on lipoprotein 
metabolism have been receiving increased attention. The purpose of this 
section is to present some of the studies that have examined the effects of 
both training status (cross sectional comparisons between trained and 
untrained individuals) and acute exercise bouts on lipid and lipoprotein 
variables in the fasted (2.5.1.) and postprandial (2.5.2.) states. In addition 
the effect of exercise on the activity of LPL is presented in another section 
(2.5.3.). 
2.5.1. Fasted state 
Cross sectional studies have shown that endurance runners have lower 
TAG concentrations compared with inactive men (Bjorntorp et al., 1972; 
Wood et al., 1976; 1977; Martin et al., 1977; WilJiams et al., 1986; Thompson 
et aI., 1991; Sady et aI., 1988) and women (Wood et al., 1977). On the other 
hand, various responses have been observed in cross sectional studies 
regarding TC concentration. Thus, some studies have reported a lower 
plasma TC concentration for endurance trained men (Bjorntorp et aI., 
1972; Wood et aI., 1976; Williams et al., 1986; Martin et al., 1977) and 
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women (Wood et al., 1977) compared to inactive controls but other studies 
have observed no difference between the two groups (Thompson et aI., 
1991). Factors such as body weight, percentage body fat, dietary patterns 
which are important considerations in evaluating the effects of physical 
activity on plasma cholesterol concentrations (Durstine and Haskell, 1994) 
may explain the inconsistencies in the TC concentration findings. On the 
other hand, cross sectional studies have consistently shown that 
endurance trained men (Wood et al., 1976; 1977; Martin et aI., 1977; 
Deshaies and Allard, 1982; Williams et al., 1986; Thompson et aI., 1991; 
Herbert et aI., 1984; Sady et aI., 1988) and women (Wood et aI., 1977; 
Deshaies and Allard, 1982; Morgan et aI., 1986) have higher plasma HDL-C 
concentrations (typically 20-30%) compared with inactive individuals. 
Since most of the modifications ascribed to regular participation in 
physical activity may be induced partially by a single exercise period, 
considerable attention has been given to the effects of one bout of exercise 
on plasma lipids and lipoproteins. So far several studies have been 
published regarding the effect of an acute bout of either prolonged or short 
duration exercise of varying intensity and mode on lipoprotein 
metabolism in both men and women. Factors that may influence 
lipoprotein metabolism during and after exercise include the volume of 
work completed, pre-exercise lipoprotein concentrations, timing of blood 
samples, length of post-exercise follow-up periods, change in dietary 
composition, lack of and/or incomplete estimation of plasma volume 
change and training state of test subjects (Lithell, 1986). In the case of 
women subjects, the use of oral contraceptives as well as their posi.tion in 
the menstrual cycle are additional factors that. must be considered 
(Durstine and Haskell, 1994). Some of the studies that have evaluated the 
effect of an acute bout of prolonged exercise of various intensity on lipid 
and lipoprotein variables are presented in Table 2.2. 
TAG concentrations are not usually altered immediately following or in 
the days after an exercise period of low (30% V02max) to moderate (60% 
V02max) intensity (Lennon et aI., 1983; Cullinane et al., 1982; Durstine et 
aI., 1983). Exercise studies of vigorous intensity (>70% V02max i.e. 
marathon running, cross country skiing, cycling) have found reduced 
(Carlson and Mossfeldt, 1964; Lamon-Fava et al., 1989; Dufaux et al., 1986) 
or unchanged TAG concentrations immediately after exercise (Cullinane 
30 
et aI., 1982; Kantor et aI., 1987; Thompson et al., 1980; Kuusi et al., 1984; 
Skinner et al., 1985; Berg et al., 1981; Lithell et al., 1984). In addition, some 
other studies have reported decreased TAG concentrations 24 hours after 
exercise (Frey et al., 1993; Foger et al., 1994; Thompson et al., 1980; Enger et 
al., 1980; Dufaux et al., 1981; 1986; Lithell et al., 1981a; 1984; Kantor et al., 
1984; Sady et aI., 1986). Generally, if exercise is prolonged and strenuous, 
TAG concentrations will be lower during the day following the exercise 
bout (Ours tine and Haskell, 1994). 
A variety of responses have been reported for TC concentration following 
prolonged and intense exercise bouts. Thus, TC concentrations did not 
change (Carlson and Mossfeldt, 1964; Berg et aI., 1983; Skinner et aI., 1985; 
Kuusi et aI., 1984; Taskinen et al., 1980), increased (Skinner et al., 1987; Berg 
et al., 1981) or decreased (Lamon-Fava et al., 1989) immediately after 
exercise. During the days after exercise, TC concentrations have been 
found to decrease (Foger et ai., 1994; Goodyear et aI., 1990; Thompson et ai., 
1980; Enger et al., 1980; Dufaux et al., 1981; 1986; Frey et al., 1993), increase 
(Kantor et ai., 1987) or to remain unchanged (Cullinane et al., 1982; Kantor 
et ai., 1984). In summary, if a single exercise session is to have an impact 
on TC concentrations, the exercise must be prolonged and strenuous. Even 
then an. effect will most likely not be seen until 24 hours after the end of 
the exercise session (Ours tine and Haskell, 1994). 
Although not often examined, LDL-C concentrations are reported to be 
lower (Frey et al., 1993; Foger et al., 1994; Goodyear et al., 1990; Lamon-Fava 
et al., 1989; Thompson et al., 1980; Enger et al., 1980; Dufaux et ai., 1981) or 
unchanged (Cullinane et al., 1982; Kuusi et al., 1984; Berg et ai., 1981; 
Dufaux et ai., 1986) after prolonged strenuous exercise. 
Some studies using low to moderate exercise intensity have reported an 
increased HDL-C concentration immediately after exercise (Ours tine et al., 
1983; Pay et al., 1992; Hubinger and Mackinnon, 1992; Berger and Griffiths, 
1988; Lennon et ai., 1983). Prolonged intense exercise usually results in 
elevated HDL-C concentration immediately after exercise (Berg et ai., 1981; 
1983; Skinner et al., 1985; 1987; Kuusi et ai., 1984; Lithell et ai., 1984) as well 
as the days following the exercise episode (Foger et al., 1994; Goodyear et 
aI., 1990; Thompson et al., 1980; Lamon-Fava et al., 1989; Dufaux et al., 
1986; Kantor et al., 1984; 1987; Enger et al., 1980; Lithell et al., 1984; Sady et 
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aI., 1986). This rise in HDL-C seems to be largely attributable to an increase 
in the HDLz-C (Kantor et aI., 1984; 1987; Kuusi et al., 1984; Sady et al., 1986). 
Generally, there appears to be a threshold of intensity and energy 
expenditure that has to be reached during the exercise session in order 
HDL-C concentration to be elevated the day following the exercise bout 
(Durstine and Haskell, 1994). 
Table 2.2. The effect of an acute bout of prolonged exercise of low to 
moderate and strenuous intensity on plasma concentrations of 
triacylglycerol (TAG), total cholesterol (TC), high density lipoprotein 
cholesterol (HDL-C) and low density lipoprotein cholesterol (LDL-C). 
References SEX EXERCISE TAG 
LOW TO MODERATE EXERCISE INTENSITY (30-60% V02max) 
Durstine et al. (1983)# 10M 
Pay et al. (1992)# 10M,12W 
Hubinger /Mackin. (1992)§ 10M 
Cullinane et al. (1982)t 10M 
Berger/Griffiths (1987)§ IBM 
Lennon et al. (1983)# l4M,14F 
268min walk 45%max 
l20min walk 30%max 
30min cycle 5O%max 
60min cycle 54%max 
32min run 6O%max 
40min cycle 55%max 
STRENUOUS EXERCISE INTENSITY (>60% V02max) 
CuIlinane et al. (1982)t 9M 
Frey et al. (1993)t 13M 
Berg et al. (1983)§ 9M 
Skinner et al. (1985)§ 56M 
Kuusi et al. (1984)§ 20M 
Berg et al. (1981)# 11M 
Foger et al. (1994)t 8M 
Goodyear et al . . (1990):1: l2W 
Skinner et al. (1987)§ l2W 
Thompson et al. (1980):I: l2M 
Carlson/Mossfeldt (1964)§ 9M 
Enger et al. (1980):1: 20M 
Dufaux et al. (1981):1: IBM 
Dufaux et al. (1986):1: l4M 
LamonFava et al. (1989)§ 34M,6W 
LithelI et al. (1984)#t l6M 
Kantor et al. (1984):1: lOM 
Kantor et al. (1987):1: 2lM 
Sady et al. (1986)t lOM 
l20min cycle 67%max 
l30min run 78%max 
118 min run 78%max 
422kmrun 
228minrun 
l20minrun 
711 min cycle 
234minrun 
254minrun 
232minrun 
8-9h ski 
5-8h ski 
3hrun 
3hrun 
~75Omin triathlon 
5d manoeuvres 
l88minrun 
lh cycle 70%max 
42kmrun 
NE 
NR 
I 
NE 
I 
NE 
o 
o 
o 
NR 
NE 
NE 
o 
NE 
NR 
o 
o 
o 
o 
o 
o 
o 
o 
NE 
o 
TC HDL-C LDL-C 
I 
I 
NE 
NE 
NE 
I 
NE 
o 
NE 
NE 
NE 
I 
o 
o 
I 
o 
NE 
o 
o 
o 
o 
NR 
NE 
I 
NE 
I 
I 
I 
NE 
I 
I 
NE 
NE 
I 
I 
I 
I 
I 
I 
I 
I 
NR 
I 
I 
I 
I 
I 
I 
I 
I 
NR 
NR 
NE 
NE 
NE 
NE 
NE 
o 
NR 
NR 
NE 
NE 
o 
o 
NE 
o 
NR 
o 
o 
NE 
o 
NR 
o 
NR 
I 
M, men; W, women; #, during exercise; §. immediately after exercise;:j:, 24 hours after 
exercise; %max, V02max; 0, decrease; I, increase; NE, no effect; NR, not reported 
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All the above mentioned studies indicate that a strenuous acute bout of 
exercise may influence the lipid and lipoprotein variables to a greater 
degree compared with a bout of low to moderate exercise intensity. The 
effect of the intensity of the exercise bout on plasma lipid and lipoprotein 
variables has been examined only in a few studies. One of them (Hughes 
et al., 1990) has shown a greater reduction in plasma TAG concentration 48 
hours after a higher (85% V02max) compared to a lower exercise intensity 
bout (55% V02max), although the duration of the exercise bouts in both 
intensities was short (12 min). Other studies (Hicks et ai., 1987; Gordon et 
al., 1994) which compared two bouts of different running intensities but of 
comparable energy expenditure found that there was a greater increase in 
the HLD-C concentration with increasing intensity (Hicks et al. 1987: 60% 
vs 90% V02max; Gordon et al. 1994: 60% vs 75% V02max). However, Davis 
et al. (1992) have reported that an intensity effect was not evident on 
serum TAG or HDL-C concentrations when they compared a moderate 
intensity bout (90 min run at 50% V02max) with a high intensity bout (60 
min run at 75% V02max). 
This limited evidence does not help to clarify which is the optimum 
intensity which should be prescribed in the health promotion exercise 
programmes for the least active. This is because (i) the results are 
conflicting, (ii) the activities most often involve running which is 
demanding for inactive people and most importantly (iii) the intensities 
used are still above the threshold that the least active people can do. 
Whether there is an effect of the intensity of exercise on serum lipid and 
lipoprotein variables and whether there is an optimum intensity that the 
least active can do with health gains still remain unknown. 
2.5.2. Postprandial state 
The effect of exercise on lipoprotein metabolism· has been examined 
extensively in the fasted state. There are fewer studies that have examined 
the effect of exercise on postprandial lipids, despite the well documented 
association of atherosclerosis with postprandial lipids (section 2.4.2.) and 
the fact that most of the lifetime is spent in the postprandial state. This 
section presents some of the studies that have investigated the effect of 
training status and acute exercise on TAG tolerance in humans, as assessed 
either by an oral or an intravenous fat tolerance test. 
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The physically trained state is one where adaptations have occurred in the 
body in response to chronic exposure to an exercise programme. There are 
only a few studies that have examined the effect of endurance training on 
lipaemia with inconsistent results. Weintraub et al. (1989) found that 7 
weeks of training resulted in a 37% lower TAG response to a fat load in 
normolipidaemic individuals. On the other hand, 12 weeks of training in 
middle aged normolipidaemic women did not reduce the lipaemic 
response following ingestion of the fat meal (Aldred et al., 1995). A 
reduction in lipaemia after 16 weeks of training has been reported in 
subjects with high initial fasting TAG concentrations (Wirth et al., 1985). 
However, since these subjects had a higher lipaemia at the beginning of 
the study this possibly resulted to a greater potential to demonstrate an 
influence of exercise training. 
Cross sectional studies (Merill et aI., 1989; Cohen et al., 1989) have shown 
that trained men have a lower lipaemic response (43% and 59%, 
respectively) to a fat meal compared with untrained individuals. In 
addition, results from intravenous lipid tolerance tests showed that 
athletes had a faster removal rate of TAG compared with inactive men 
(Bjorntorp et al., 1972; Sady et al., 1988; Thompson et aI., 1991) and women 
(Podl et al., 1994), indicating increased removal capacity for chylomicron 
TAG in endurance trained subjects. However, most of the above cross 
sectional studies have been conducted shortly after the end of the last 
training session (10-12 hours) of the trained subjects and these changes 
may, therefore, reflect the effect of the recent bout of exercise on 
postprandial lipaemia or as well as a true effect of training. 
Two studies (Cohen and Goldberg, 1960; Nikkila and Konttinen, 1962) in 
60s were among the first to show that postprandial lipaemia following a 
fatty meal was decreased when subjects exercised after food intake 
compared to a non exercise situation. Since then, two other studies 
(Schlierf et al., 1987; Hardman and Aldred, 1995) have confirmed this 
finding by showing that 90 min of prolonged low intensity (40% V02max) 
cycling and walking (respectively) following the ingestion of a fat meal 
significantly attenuated the TAG responses to the meal (by 34% in Schlierf 
et al., 1987 and 24% in Hardman and Aldred, 1995). Another design is to 
employ the exercise bout several hours before the ingestion of a meal. 
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Aldred et al. (1993; 1994) found that 2 hours of moderate intensity 
jogging/cycling and walking (respectively) 16 hours prior to the ingestion 
of fat meal significantly reduced the postprandial lipaemic responses by 
30% (both studies) to the meal compared with a control trial. These studies 
however did not differentiate whether the effect of exercise is involved 
the fat disappearance and/or fat appearance. Three studies (Dufaux et ai., 
1981; Sady et al., 1986; Annuzi et al., 1987) that have isolated the effect of fat 
absorption by administrating an intravenous fat load, have found that the 
clearance of an exogenous fat (Intralipid) has increased 18-24 hours after a 
prolonged bout of exercise. In all the above studies, the effect of an acute 
bout of exercise on postprandial lipaemia has been documented in young 
adults. Whether a similar attenuation in the lipaemic responses to the fat 
meal after exercise is evident in other age groups needs further 
investigation. 
Another factor which remains unknown concerns the appropriate 
intensity of the exercise bout that may result in such attenuation. The 
intensity used in the above studies ranged from low (30% V02max) to 
strenuous (>70% V02max). The establishment of an appropriate intensity 
will contribute to the knowledge concerning dose-response issues in 
relation to the health gains associated with physical activity (Haskell, 
1994). Two studies only have evaluated the effect of intensity on 
postprandial lipaemia. Chinnici and Zauner (1971) examined the effect of 
walking for 20 min at heart rate of 120 beat·min· l soon after the ingestion 
of a meal, with a similar period of walking at a heart rate of 160 beat'min- l 
and found that neither influenced lipaemia. The short duration of the 
exercise bouts employed, however, make it difficult to detect an effect on 
lipaemia. Another study, in our laboratory (Burnett et al., 1993) compared 
the effects of running for 90 min at either 48% or 66% V02max shortly 
before a meal. These investigators found that both exercise bouts 
diminished postprandial lipaemia to a similar degree compared with a 
control trial. The conflicting results of these studies may suggest that more 
research is needed in this area. 
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One mechanism by which exercise influences the lipid and lipoprotein 
concentrations in the circulation in both the fasted and postprandial states 
may involve an effect of exercise on the activity of LPL. As previously 
mentioned (2.2.5.1.) LPL present in adipose, muscle and plasma, is 
responsible for the delipidation of chylomicron and VLDL molecules 
resulting in the formation of HDL-C particles in the circulation. 
2.5.3. The effect of training status and exercise all LPL 
Cross sectional studies indicate that endurance trained runners have 
higher muscle (Nikkila et al., 1978), adipose tissue (Nikkila et aI., 1978) and 
heparin-releasable LPL activity (Herbert et aI., 1984; Podl et al., 1994; 
Williams et al., 1986) than less active individuals. The LPL molecule 
involved in the hydrolysis of plasma TAG is attached by heparan sulphate 
to the endothelial surface of arteries and capillaries (Eckel, 1989). It 
therefore follows that the denser capillary network in the muscles of long 
distance runners may partly explain their higher muscle LPL activity since 
the activity of this enzyme has been shown to be directly related to the 
capillary density of the muscle (Lithell et al., 1981b). In addition, the fact 
that a few animal studies have reported a higher activity of this enzyme in 
the red compared to the white fibres (Borensztajn et aI., 1975; Linder et aI., 
1976; Tan et al., 1977) in line with their greater capillary density may 
further indicate that LPL activity is elevated in athletes. 
Apart of the effect of training status on the enzyme activity, it is well 
documented that an acute bout of exercise may increase LPL activity in 
different tissues (Table 2.3.). Thus, animal studies (Ladu et aI., 1991; 
Budohoski et al., 1985) have shown an elevated activity of LPL in the 
muscle tissue immediately after exercise (2 hours swimming; 3 hours 
running). In humans, Taskinen et al. (1980) found that immediately after a 
20 km run muscle LPL activity increased by 112% whereas a 20% increase 
occurred in adipose tissue LPL activity. In addition, two other studies have 
reported a dramatic increase in the muscle LPL activity immediately after a 
cross country skiing (Lithell et aI., 1979) or a 5 day military manoeuvres 
(Lithell et al., 1984). On the other hand, an 27% increase in adipose tissue 
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LPL activity was found immediately after 90 min cycling at 88% MHR 
(Savard et aI., 1987). 
An even greater elevation seems to occur in the recovery period after 
exercise (within 24 hours) in the activity of LPL. Heavy physical work 
performed for several hours or days was associated with an increased LPL 
in skeletal muscle tissue on the morning after the day of heavy exercise 
(Lithell et al., 1981a; 1984; Seip et al., 1995). Similarly, 18-24 hours after a 
marathon race (Kantor et al., 1984; Sady et al., 1986) or 1-2 hours cycling 
(Kantor et al., 1987) plasma heparin releasable LPL activity was elevated. 
The mechanisms for this elevation are not well understood. Two recent 
studies indicate that the rise in muscle LPL activity may be regulated by 
pretranslational mechanisms since there was found a good correlation 
between the activity of the enzyme and the LPL mRNA level (Ladu et al., 
1991; Seip et al., 1995). In addition, the elevation may be related to the 
increased levels of plasma catecholamines during exercise, as indicated by 
the positive relationship observed between the 24 hours excretion of 
adrenaline in urine and muscle LPL activity (Lithell et al., 1981a). Changes 
in the hormonal level (insulin, glucagon) which occur during and after 
exercise may also influence the activity of the enzyme (Taskinen et al., 
1980). Furthermore, the energy utilisation during exercise seems to be 
critical. Thus, depletion of intramuscular TAG stores by endurance 
exercise may promote secretion and/or synthesis of LPL by muscle cells 
(Oscai et al., 1990). Overall, augmented LPL activity results in an increased 
chylomicron and VLDL hydrolysis and reduction in plasma TAG 
concentrations. In addition, the effect of exercise is local, delayed and 
transient (Kiens et al., 1989). 
2. 6. ENERGY SUPPLY DURING PROLONGED SUBMAXIMAL 
EXERCISE 
Most of the changes occurring in lipid and lipoprotein variables during 
the recovery period after exercise are related to the utilisation of the 
substrates during the actual exercise bout (Nikkila, 1987). Therefore this 
section describes the substrate utilisation during a prolonged bout of 
exercise. 
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Table 2.3. Muscle tissue, adipose tissue and plasma 
and after an acute bout of prolonged exercise. 
LPL activity before 
References n Exercise PRE POST %Increase 
SKELETAL MUSCLE 
Taskinen et al. (1980) lOM 20kmrun 1.7±0.4 3.6±0.8 112§ 
Lithell et al. (1979) 7M 85km skiing. 18.4±7.0 58.9±33.2 238§ 
Lithell et al. (198Ia) 6M IOd march 120 # 
50 t 
Lithell et al. (1984) 16M 5d manoeuvres 25 70 64§ 
25 55 55# 
Seip et al. (1995) 32M 5-13d/60 min 2.8±0.5 3.7±0.6 35# 
Ladu et al. (1991) Rats 2h swim 203 383 90§ 
Budohoski (1985) Dogs Ihrun 6.9 12 43§ 
3hrun 6.7 13.5 50§ 
ADIPOSE TISSUE 
Taskinen et al. (1980) 10M 20kmrun 2.3±0.5 2.8±0.5 20§ 
Savard et al. (1987) 27M 90min cycle 27§ 
Ladu et al. (1991) Rats 2h swim 110±26 63±17 .J.43§ 
HEP ARIN RELEASABLE 
Kantor et al. (1984) 10M 42kmrun 3.5±1.3 5.7±1.0 65# 
Kantor et al. (1987) lOM Ih cycle 8.8±1.4 9.7±1.8 9# 
IIM 2h cycle 8.3±2.3 9.2±3.4 11# 
Sady et al. (1986) 10M 42kmrun 10.4±2.8 14.3±1.6 46# 
M, men; §, immediately after exercise; #, one day after exercise; t, one day after exercise of 
low intensity. Heparin studies (units), Ilmol FFA'm]'!' h'!; Taskinen, Ilmol FFA'h'!' g'!; 
LitheIl (1981; 1984), IlU·g·!; Lithell (1979), nmol·min·1. g'!; Budohoski, Ilmol FFA-h'!' g'!; 
Ladu, pmol FFA-min'!' mg'!; Seip, Ilmo] FFA-mg'!' h'! 
For the successful completion of any physical task, chemical energy must 
be efficiently converted into mechanical energy, at rates appropriate to the 
muscles' needs (Brooks and Fahey, 1984). Chemical energy is released from 
the breakdown of adenosine triphosphate (ATP). Hydrolysis of ATP to 
ADP (adenosine diphosphate) and inorganic phosphate (Pi), provides the 
immediate energy for most energy-consuming processes in the cell: 
ATP + H20 ( ATPase) ADP + Pi + H+ + energy (30.5 kJ/mol) 
where Pi = inorganic phosphate 
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However, the amount of ATP stored in the muscle cells is very limited 
(=20-30 mmol·kg dry muscle· I ), and would last only for a few contractions 
during exercise. It is therefore clear that ATP utilisation rates must be 
closely balanced with ATP resynthesis rates, if a particular exercise 
intensity (and the ATP store itself) is to be maintained. The main energy 
sources for ATP re synthesis during steady-state aerobic exercise are the 
oxidation of fatty acids - stored as TAG in adipose and skeletal muscle 
tissue - and glucose stored as glycogen in the Jiver and skeletal muscle 
tissue (Coyle, 1995). Bodily protein oxidation does not contribute 
significantly to energy production (Felig and Wahren, 1975; Romijn and 
Wolfe, 1992). The relative contribution of fat and CHO depends on factors 
such as the intensity and duration of exercise (see, section 2.6.3.), the 
training status (section 2.6.4.), the dietary patterns, the environmental 
conditions and the subject's gender (Brooks and Fahey, 1984). 
The TAG stored in adipose tissue and skeletal muscle tissue provide most 
of the FFA oxidised during exercise. Under physiological conditions, 
plasma TAG provide only a minor portion of FFA oxidised during 
exercise (Havel et al., 1967; Oscai et al., 1990). This is because TAG entry 
into the muscle is catalysed by LPL, which is not capable of meeting more 
than a small percentage of the energy needs of strenuous exercise (Oscai et 
al., 1990). However, plasma TAG are important for t~e replenishment of 
utilised TAG stores in the recovery after exercise (Nikkila, 1987). 
Therefore, the two forms of fat for oxidation by muscle during exercise are 
plasma FFA (from adipose tissue) and intramuscular TAG. The fat and 
CHO metabolism during exercise are outlined in the sections 2.6.1. and 
2.6.2. The effects of intensity / duration of exercise and training status on fat 
and CHO metabolism are presented in sections 2.6.3. and 2.6.4. Finally, the 
possible effect of exercise on the elevation of the post exercise energy 
metabolism is examined in section 2.6.5. 
2. 6. 1. Fat metabolism du ring exercise 
Because most tissues contain only a small amount of fat that can be used 
for energy production, there has to be a continuous mobilisation and 
) 
transport of lipid from where it is stored to its utilisation in the 
contracting skeletal muscles (Sal tin and Astrand, 1993). The amount of 
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energy stored in the form of TAG within adipocytes throughout the body 
is large, totalling 200-625 MJ in men and women with a normal body 
composition of 10-30% body fat (Coyle, 1995). Lipolysis of TAG in 
adipocytes is accelerated during exercise as the result of an increase in the 
activity of adipose-cell lipase (hormone sensitive lipase). This lipase is 
regulated by hormones; the two most important are the catecholamines 
and insulin. Catecholamines stimulate adenylate cyclase, and the cyclic 
AMP formed serves a "second messenger" in the activation of lipolysis 
(Romijn and Wolfe, 1992). In contrast, insulin inhibits lipolysis (Frayn, 
1993). The result of the lipolysis is that TAG in adipose tissue are 
hydrolysed to form fatty acids and glycerol. These fatty acids can be either 
reesterified into TAG within adipocytes or released into the circulation in 
the form of FFA. Glycerol cannot be reincorporated into TAG within 
adipocytes because glycerol kinase is absent in adipose tissue (Romijn and 
Wolfe, 1992). FFA are extremely hydrophobic and can only be transported 
in the blood bound to albumin (Brooks and Fahey, 1984). The uptake of 
fatty acids from blood albumin into muscle is accomplished via a specific 
receptor site on the sarcolemma. This uptake by muscle is related to the 
concentration of FFA in the arterial plasma (Sa,ltin and Astrand, 1993). On 
entering the muscle cell, fatty acids can either be stored as TAG or become 
part of the fatty acid binding protein pool of FFA in the cytoplasm, where 
they are available for conversion to fatty acyl-CoA, transport into the 
mitochondria, and oxidation (Holloszy, 1990). During prolonged exercise 
there is usually an initial small decrease in plasma FFA concentration as 
the result of increased utilisation and a slow mobilisation of FFA from the 
fat stores; this is followed by a progressive increase, as lipolysis and FFA 
release accelerate (Hurley et al., 1986). This rise in FFA is mediated in large 
part by the increasing ~-adrenergic stimulus to the adipocytes during 
prolonged' exercise (Holloszy, 1990). FFA originated from adipose tissue 
lipolysis are the major substrate during prolonged exercise (1-4 hours) of 
low intensity (Ahlborg et al., 1974). 
Early studies of FFA turnover during exercise using 14C labelled fatty acids 
showed that during prolonged exercise, plasma FFA accounted for only 
about 50% of the fat oxidised (Havel et al., 1967). This finding provided the 
first good evidence suggesting that intramuscular TAG provide a 
significant amount of the fatty acids oxidised during prolonged exercise. 
That intramuscular TAG also contribute to energy metabolism is further 
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supported by the finding of a 25-37% reduction in TAG content after 60-100 
min of exercise at 55-70% V02max (Carlson et aI., 1971; Essen, 1977; Essen et 
aI., 1977; Hurley et aI., 1986; Costill et al., 1973; Froberg and Mossfeldt, 1971). 
Some of these findings are summarised in Table 2.4. It has not been firmly 
established whether lipid droplets in the fibres or the TAG of the 
adipocytes between fibres, or both, contribute to TAG depletion (Saltin and 
Astrand, 1993). Intramuscular TAG which amounts to 12-20 MJ is 
available for oxidation following intramuscular lipolysis (Coyle, 1995). The 
regulation of intramuscular lipolysis is not well understood. 
Intramuscular TAG hydrolysis may be mediated by an intracellular lipase 
similar to the hormone sensitive lipase of adipose tissue (Oscai et aI., 
1990). There is some evidence that both adrenergic and noradrenegic 
systems may determine the mobilisation of muscle TAG (Gorski, 1992). 
The TAG content of human skeletal muscle averages 12 g·kg wet weight-I, 
although a wide range of higher and lower values occur (Table 2.4.) 
probably as the result of interindividual differences in the proportions of 
the different muscle fibre types, physical activity and nutritional states 
(Holloszy, 1990). The amount of TAG stored differs in different types of 
skeletal muscle. Histological data showed that type I fibres contained much 
more TAG than types 11 fibres and type IIa contained more TAG than type 
lIb fibres (Essen, 1977). Evidence exists to show that muscle TAG stores can 
be only partially depleted during exercise (Carlson et al., 1971; Essen, 1977; 
Essen et aI., 1977; Hurley et al., 1986). 
2.6.2. Carbohydrate m etabolism during exercise 
Humans cannot oxidise fat at high enough rates to provide all the energy 
required by moderate to high intensity exercise. At these intensities, CHO 
oxidation provides the energy not available from fat (Coy le, 1995). CHO is 
stored as glycogen, both within the muscle fibres and the liver. Depending 
on the activity and dietary patterns, =10-30 g glycogen are stored in each kg 
of skeletal muscle; thus =84 MJ are available to "power" exercise. 
Additionally, =80 g glycogen are stored in the liver after a mixed diet (Felig 
and Wahren, 1975; Coyle, 1995). 
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Table 2.4. Muscular TAG concentration before and immediately after an 
acute bout of prolonged exercise. 
References n Exercise PRE POST %Decrease 
Carlson et al. (1971) 24M 99min cycle 67%max 10.4±O.9 7.8±0.8 25 
Froberg/Mossfeldt (1971) 7M 447min skiing 16.7±2.4 8.3±1.3 50 
Essen et al. (1977) SM 60min cycle 60%max 9.8 6.3 37 
CostiII et al. (1973) 9M 147min run 71 %max 7.1 4.9 31 
Hurley et al. (1986) 9M 120min cycle 64%max S9.2±7.7 46.4±8.9 22# 
63.3±17.7 37.2±12.3 4I§ 
Kiens et al. (1993) 7M 120min knee ext. 65% 21.5 24.0 J.NS# 
32.9 30.6 J.NS§ 
Reitman et al. (1973) Rats 2h swim 2.3±0.2 0.7±0.1 70:j: 
1.9±0.1 l.S±O.1 25* 
M, men; %max, V02max; #, before training; §, after training; :j:, red fibres; .. white fibres; 
NS, non significant decrease; Carlson/Froberg (units), l!moI'g,l ww; Essen, mmoI'kg,lww; 
Kiens, mmol'kg,ldw; Hurley, mmol'kg,ldw; Costill, mmol'kg,lww 
Liver glycogen is hydrolysed to glucose and transported via the blood to 
the muscles for oxidation. The increase in peripheral glucose uptake 
during exercise is usually balanced by an increased hepatic glycogenolysis 
(Romijn and Wolfe, 1992). Hepatic glucose production is related to the 
duration and intensity of exercise. During exercise at 30-40% V02max, 
glucose production increases by 80-127%, whereas at 60-80% V02max it 
increases from 116-360% above resting values (Romijn and Wolfe, 1992). 
Several mechanisms have been suggested for the regulation of hepatic 
glycogenolysis: high glucagon to insulin and high catecholamines to 
insulin ratios increase glucose production whereas insulin inhibits it 
(Felig and Wahren, 1975). During prolonged mild exercise, hepatic 
glycogenolysis doubles in 40 min and thereafter remains constant for 3-4 
hours (Ahlborg et aI., 1974). Since glucose utilisation continues to rise for 
90 min or more, hepatic glycogenolysis fails to keep pace with utilisation, 
and blood glucose concentration declines (Ahlborg et aI., 1974). When 
muscle glycogen levels become very low, at the later part of prolonged and 
intense exercise, blood glucose becomes the major CHO oxidation source. 
Muscle glycogen is an important energy source during exercise. The 
amount of stored glycogen varies in relation to the diet and with the level 
of physical activity (Bergstrom et aI., 1967). The utilisation of muscle 
glycogen depends on the type of muscle fibres involved and the duration 
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and intensity of exercise. Muscle glycogen content decreases progressively 
with increasing duration and intensity of exercise (Saltin and Karlsson, 
1971). Muscular glycogenolysis is modulated by hormones, especially 
adrenaline (Romijn and Wolfe, 1992). During exercise above 70-75% 
V02max glycogen appears to be an indispensable energy source (eoyle, 
1995). 
2. 6. 3. The effect of the intensity of exercise on substrate 
utilisation during exercise 
The relative contribution of each of the four substrates (blood borne 
glucose and FFA, intramuscular glycogen and TAG) at any given time is 
largely determined by the duration and the intensity of exercise. 
During the earliest phase of prolonged low intensity exercise (30-40% 
V02max), muscle glycogen is the major substrate consumed. This appears 
to diminish after a few minutes (5-10 min after the onset of exercise), 
presumably as blood flow to muscle increases, and blood-borne substrates 
become increasingly important sources of energy (Havel, 1971). This 
intensity can be sustained for many hours at a steady state of V02, but 
substrate fluxes and oxidation rates change continuously (Romijn and 
Wolfe, 1992). Glucose uptake across the exercising leg may increase tenfold 
during the first 10-40 min of exercise (Felig and Wahren, 1975). After a 
maximum rate of glucose uptake has been reached, a gradual decline 
occurs. As glucose availability declines, there is a progressive increase in 
FFA uptake from the blood and a slight decrease in respiratory exchange 
ratio (R), indicating an increased rate of fat oxidation. Both blood glucose 
and plasma FFA oxidation contribute 30-40% to overall 02 used during the 
first 1-2 hours of exercise. Subsequently, the contribution of glucose 
utilisation gradually decreases, whereas FFA oxidation may provide up to 
60% of total energy expenditure (Ahlborg et al., 1974). During low intensity 
exercise (25% V02max) the rate of appearance of fatty acids in plasma is 
very similar to the rate of fatty acid oxidation at least in endurance trained 
individuals (Romijn et al., 1993). 
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As exercise intensity increases the rate of appearance of plasma fatty acids 
declines progressively and as a result the concentration of fatty acids in the 
blood is proportionally reduced. This reduced plasma fatty acid 
mobilisation occurs despite a maintained high rate of lipolysis from 
adipocytes. The rate of fat appearance declines with increasing intensity of 
exercise because of insufficient blood flow and albumin delivery to carry 
fatty acids from adipose tissue into the systemic circulation (Romijn et al., 
1993). During prolonged exercise of moderate intensity (65% V02rnax) total 
fat oxidation increases despite the reduction in the rate of appearance of 
fatty acids. The substantial higher rate of total fat oxidation compared with 
entry of fatty acids into plasma reflects an increased oxidation of 
intramuscular TAG (Romijn et al., 1993). During this intensity plasma 
fatty acids and intramuscular TAG contribute equally to total fat oxidation 
and total fat oxidation is highest during this exercise intensity (Romijn et 
ai., 1993). However, fat cannot be oxidised at sufficiently high rates to 
provide all of the energy for this moderate intensity exercise and ·therefore 
about one half to the total energy must be simultaneously derived from 
CHO oxidation (both muscle glycogen and blood-borne glucose). Both 
muscle glycogen and glucose utilisation rates are higher in this intensity 
compared with a lower intensity (Saltin and Karlsson, 1971; Pelig and 
Wahren, 1975). 
An increase in the exercise intensity (70-85% V02rnax) amplifies the 
utilisation of muscle glycogen and glucose. Glucose uptake across 
exercising legs may increase by as much as 10-20 fold (Wahren et al., 1971 
cited by Romijn and Wolfe, 1992). This high rate of glucose uptake, in 
combination with the inability of hepatic glucose production to balance 
this uptake, may result in hypoglycaemia. Muscle glycogen and plasma 
glucose availability may become rate-limiting factors during prolonged 
strenuous exercise. CHO oxidation provides two-thirds of the needed 
energy with the remainder coming from plasma fatty acids and 
intramuscular TAG (Coyle, 1995). When CHO oxidation declines as the 
result of depletion of muscle glycogen and hypoglycaemia, individuals are 
unable to oxidise fat at rates sufficient to meet the energy requirements of 
even moderate intensity exercise (60-75% V02max). As individuals fatigue, 
they must reduce the work rate to the lowest intensity (30-50% V02max) 
that matches their ability to oxidise predominately fat (Coyle, 1995). 
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2. 6. 4. The effect of training status on substrate utilisation 
during exercise 
Physical training induces important alterations in energy metabolism. The 
effects of endurance training which include a diminished rate of glycogen 
depletion, an enhanced fat oxidation and a reduced lactate production are 
readily evident during exercise (Henriksson, 1992). Hepatic glycogenolysis 
and gluconeogenesis during exercise at a given absolute intensity are 
lower after 12 weeks of training, although plasma glucose concentrations 
are not affected (Coggan et al., 1995). This is associated with an attenuated 
hormonal response to exercise (Winder et al., 1979). In addition, muscle 
glycogen utilisation (Hurley et al., 1986; Jansson and Kaijser, 1987) and 
glucose uptake (Jansson and Kaijser, 1987) are lower in trained than 
untrained individuals. A reduced l3-adrenergic stimulation of 
glycogenolysis may contribute to the slower depletion of muscle ,glycogen 
during exercise in the trained state (Holloszy, 1988). These changes result 
in a decreased CHO oxidation (Coggan et aI., 1990) after training. 
One of the most important alterations in the metabolic response to 
submaximal exercise induced by endurance training is an increased 
reliance on fat oxidation as a source of energy. Plasma FFA and glycerol 
concentrations have been reported to be lower during similar exercise 
intensities in trained subjects (Winder et aI., 1979; Hurley et al., 1986; 
Martin et aI., 1993) due to a marked blunting of the catecholamine 
response (Winder et al., 1979). On the other hand, some other studies 
(Jansson and Kaijser, 1987; Klein et al., 1994) have reported that exercise at 
the same relative intensity of V02max does not result in differences in 
plasma FFA concentration, FFA uptake across the exercising muscles or 
FFA turnover between trained and untrained individuals. A consistent 
observation is that the fat oxidation at similar relative and absolute 
exercise intensities is increased after training (Henriksson, 1977; Hurley et 
aI., 1986; Jansson and Kaijser, 1987; Martin et al., 1993). An increased 
utilisation of intramuscular TAG stores during exercise may partially 
explain the increased fat oxidation which is observed with training 
(Hurley et aI., 1986; Jansson and Kaijser, 1987; Klein et al., 1994). Several 
mechanisms may be responsible for the stimulation of fat oxidation after 
training. Among them, the increase in the mitochondrial content of the 
muscle (Ingjer, 1979; Holloszy and Coyle, 1984) and the increase in the 
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concentration of enzymes of the citric acid cycle, of fatty acid oxidation and 
of the electron transport system (Hoppeler et ai., 1985; Costill et al., 1979; 
Jansson and Kaijser, 1987) play an important role in the increased fat 
oxidation. The proliferation in capillarisation of muscle, with both a 
greater number of capillaries per muscle fibre and a decrease in the area 
supplied by a single capillary may be another adaptation which may occur 
in the trained skeletal muscle (Saltin and Astrand, 1993). A third 
mechanism responsible for the increased fat oxidation seems to be a 
decreased availability of competing substrates as the result of the slower 
rates of glycolysis and glycogenolysis (Holloszy, 1990). Finally, an elevation 
of carnitine and carnitine transferase as transporters for fatty acids within 
the muscle fibres and/or and an increase in the transporters for fatty acids 
through the sarcolemma may provide another mechanism which 
accounts for the enhanced fat oxidation after training (Saitin and Astrand, 
1993). 
The greater use of fat as a substrate during exercise in the trained state is 
assigned a key role in decreasing CHO oxidation and reducing lactate 
production both in the muscle and the blood (Holloszy, 1990). As first 
shown by Randle et al. (1963), oxidation of fatty acids inhibits glucose 
uptake, glycolysis, glycogenolysis and pyruvate oxidation in cardiac 
muscle. These effects appear to be mediated in part by (i) the accumulation 
of citrate, which inhibits phosphofructokinase activity, resulting in 
accumulation of glucose-6-phosphate, which inhibits hexokinase and (ii) 
inhibition of pyruvate dehydrogenase by the products of fatty acid 
oxidation, acetyl CoA and NADH (Holloszy, 1990). This phenomenon is 
known as the glucose-fatty acid cycle (Randle et al., 1963). Another 
mechanism which may explain the shift in metabolic control from CHO to 
fat oxidation occurring with endurance training may involve standard 
enzyme kinetics (Gollnick et al., 1984). 
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2. 6. 5. The effect of the intensity/duration of exercIse and 
training status on the energy metabolism ill the post exercise 
recovery period 
The intensity/duration of the exercise bout and the training status may 
influence, apart from the substrate metabolism during exercise, the energy 
metabolism in the postexercise recovery period. That is, in addition to the 
direct energy cost associated with physical exercise, chronic and acute 
exercise may influence two major components of resting energy 
expenditure: (i) resting metabolic rate (RMR) and (ii) the thermic effect of a 
meal test (Poehlman, 1989). Since, these two components constitute ~75-
80% of total daily energy expenditure in man, alterations in these 
components induced by exercise could significantly influence the 
regulation of energy balance in man. RMR represents the largest portion 
of total energy expenditure and constituents 60 to 75% of total energy 
expenditure in man (Poehlman, 1989). It includes the costs of maintaining 
the integrated systems of the body and body temperature at rest and 
constitutes the energy required to sustain cardiovascular and pulmonary 
work at rest, and to provide energy used by the central nervous system and 
other chemical reactions. The thermic effect of a meal is the increased 
energy expenditure above the RMR after meal ingestion and constitutes 
~10% of daily energy expenditure (Poehlman, 1989). It includes the energy 
cost of food absorption, metabolism and storage within the body. This 
section reviews some of the studies that have examined the effects of the 
training status and the intensity/duration of the exercise bout on the RMR 
and thermic effect of food in the postexercise recovery period. 
Some cross sectional studies have reported that trained individuals have a 
higher RMR than untrained men (Poehlman et a/., 1988; 1992). Moreover, 
this effect persisted when subjects were matched for body fat content. This 
result suggested a role for high levels of physical training separate from 
the influence of differences in adiposity as a determinant of RMR. In 
another study, Poehlman et al. (1989) examined a wide range of fitness 
levels (40-80 ml·kg·1·min· 1) and found a linear relationship between 
V02max and RMR in male subjects. When subjects in the same study were 
grouped into fitness levels, the highest RMR was found in the highly 
trained men relative to moderately trained and untrained men 
(Poehlman et al., 1989). These results are concordant with those of another 
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postexercise recovery period and the duration of the exercise bout has been 
reported in many studies (Chad and Wenger, 1988; Bahr et aI., 1987; Chad 
and Quigley, 1991; Quinn et al., 1994). Most of the studies that have found 
a long lasting (up to 24 hours) elevation in postexercise metabolic rate 
have employed exercise of moderate to high intensity (50-75% V02max) 
and long duration (Passmore and Jonson, 1960; Hermansen et aI., 1984; 
Maehlum et al., 1986; Bahr et al., 1987; Bielinski et ai., 1985; Devlin and 
Horton, 1986). On the other hand, some other investigators who employed 
low to moderate intensity exercise of varying durations (20-80 min) 
reported a rapid decline (<1 hour) in energy expenditure to basal level 
after exercise (Brehm and Gutin, 1986; Pacy et al., 1985). These findings 
may suggest that intense and prolonged exercise must be performed to 
significantly enhance energy expenditure in the postexercise recovery 
period (Richard and Rivest, 1989). 
Exercise and diet through synergistic interactions have been suggested to 
augment energy expenditure. Several authors have found that 
postprandial exercise leads to an increase in energy expenditure (Miller et 
al., 1967; Segal and Gutin, 1983; Segal et al., 1985; 1987). Prior exercise has 
been also shown to potentiate the postprandial oxygen consumption and 
that this effect accounts for a significant part of EPOC (Bielinski et al., 1985; 
Bahr et al., 1987; Maehlum et al., 1986; Broeder et al., 1991). In addition, in 
all the above studies the R values were lower in the post-exercise recovery 
period both before and after the meal than in the non-exercise trials, 
indicating a greater reliance on fatty acid oxidation for fuel supply (Bahr 
and Maehlum, 1986). The synergism, however, between exercise and diet 
induced thermogenesis has not always been reported (Welle, 1984; Dalloso 
and James, 1984; Pacy et ai., 1985). A possible reason for the lack of such an 
effect may be the low intensity of the exercise bouts employed. Thus, 
Treadway and Young (1990) has examined the effect of the intensity of 
prior exercise on the potentiation of the thermic effect of glucose. Their 
findings demonstrated that a low or moderate intensity (34% or 54% 
V02max) exercise bout did not potentiate the thermic effect of a glucose 
load compared to rest whereas the higher intensity bout (75% V02max) did 
increase the thermic effect of the meal, indicating that the thermic effect of 
food is enhanced when exercise intensity is greater than approximately 
60% V02max. 
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study (Tremblay et al., 1985) who noted a higher RMR in a group of highly 
trained athletes. The findings of the above mentioned studies may suggest 
that high levels of maximal aerobic power may be needed to observe a 
high RMR relative to lesser trained individuals. They also may explain 
why other studies (LeBlanc et a/., 1984) could not observe an effect of 
training status on RMR, since their trained subjects had· a V02max 
approaching 60 ml·kg-1·min-1 which was lower compared to the trained 
subjects in other studies (Poehlman et al., 1988; 1989; Tremblay et al., 1985). 
The magnitude and duration of the thermic effect of a meal is also 
reported to be influenced by training status. The thermic effect of a meal 
has been reported to be lower in trained compared to untrained 
individuals (Tremblay et aI., 1983; LeBlanc et al., 1984; Poehlman et al., 
1988) indicating that exercise training may be associated with a diminished 
activity of the sympathetic nervous system and with a sparing effect on the 
postprandial energy expenditure (LeBlanc et al., 1984; Poehlman et al., 
1988). 
An acute exercise bout may have a prolonged effect on RMR that is 
probably dependent on the intensity and duration of the exercise bout. 
This could contribute to the total energy cost of an exercise bout. Knuttgen 
(1970, cited by Brehm, 1988) showed that excess postexercise oxygen 
consumption (EPOC) varied with both intensity and duration of exercise. 
At lower levels (45-65% V02max) there was only a small increase in EPOC 
with an increase in intensity, while the increase was exponential as 
intensity approached 98% V02max. Extending the duration of exercise 
increased the duration of recovery aswell (Knuttgen, 1970, cited by Brehm, 
1988). The importance of the intensity of the exercise bout has been 
reported in another study (Gore and Withers, 1990) in which analysis of 
variance indicated that the exercise intensity was the major determinant 
of the EPOC (for 8 hours after exercise) since it explained 5 times more the 
EPOC variance than either duration or intensity times duration 
interaction. Using a short term recovery after exercise (35 min), Sedlock et 
a/. (1989) found that the intensity (50% vs 75% V02max) of the exercise bout 
affected both the magnitude and duration of EPOC whereas the exercise 
duration affected only the duration of EPOC. Two other studies (Hagberg et 
al., 1980; Frey et al., 1993) have shown that the magnitude of the fast and 
slow component of EPOC was directly related to exercise intensity. A direct 
relationship between the elevation of oxygen consumption in the 
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postexercise recovery period and the duration of the exercise bout has been 
reported in many studies (Chad and Wenger, 1988; Bahr et ai., 1987; Chad 
and Quigley, 1991; Quinn et al., 1994). Most of the studies that have found 
a long lasting (up to 24 hours) elevation in postexercise metabolic rate 
have employed exercise of moderate to high intensity (50-75% V02max) 
and long duration (Passmore and Jonson, 1960; Hermansen et ai., 1984; 
Maehlum et ai., 1986; Bahr et ai., 1987; Bielinski et al., 1985; Devlin and 
Horton, 1986). On the other hand, some other investigators who employed 
low to moderate intensity exercise of varying durations (20-80 min) 
reported a rapid decline (<1 hour) in energy expenditure to basal level 
after exercise (Brehm and Gutin, 1986; Pacy et al., 1985). These findings 
may suggest that intense and prolonged exercise must be performed to 
significantly enhance energy expenditure in the postexercise recovery 
period (Richard and Rivest, 1989). 
Exercise and. diet through synergistic interactions have been suggested to 
augment energy expenditure. Several authors have found that 
postprandial exercise leads to an increase in energy expenditure (Miller et 
al., 1967; Segal and Gutin, 1983; Se gal et al., 1985; 1987). Prior exercise has 
been also shown to potentiate the postprandial oxygen consumption and 
that this effect accounts for a significant part of EPOC (Bielinski et al., 1985; 
Bahr et al., 1987; Maehlum et ai., 1986; Broeder et al., 1991). In addition, in 
all the above studies the R values were lower in the post-exercise recovery 
period both before and after the meal than in the non-exercise trials, 
indicating a greater reliance on fatty acid oxidation for fuel supply (Bahr 
and Maehlum, 1986). The synergism, however, between exercise and diet 
induced thermogenesis has not always been reported (Welle, 1984; Dalloso 
and James, 1984; Pacy et al., 1985). A possible reason for the lack of such an 
effect may be the low intensity of the exercise bouts employed. Thus, 
Treadway and Young (1990) has examined the effect of the intensity of 
prior exercise on the potentiation of the thermic effect of glucose. Their 
findings demonstrated that a low or moderate intensity (34% or 54% 
V02max) exercise bout did not potentiate the thermic effect of a glucose 
load compared to rest whereas the higher intensity bout (75% V02max) did 
increase the thermic effect of. the meal, indicating that the thermic effect of 
food is enhanced when exercise intensity is greater than approximately 
60% V02max. 
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2.7. SUMMARY 
This review has shown that acute exercise and training status are 
associated with changes in lipid and lipoprotein profiles which may 
influence negatively the progression of atherosclerosis in both the fasted 
and postprandial states. In the past, several epidemiological and case 
studies have examined lipid and lipoprotein parameters in the fasting 
state. Evidence presented in this review has demonstrated the importance 
of the postprandial state. However, there are only a few studies that have 
investigated the effect of exercise on the lipaemic responses to a fat meal. 
Under the fasted state, most of the studies that have shown a long lasting 
effect of exercise on lipids have been conducted in young adults and have 
used exercise bouts of vigorous intensity and long duration that only the 
trained people can cope with. Only a few studies have included exercise 
bouts of.lower intensity that the least active can perform, and even fewer 
have examined the effect of the most natural, simplest and safest activity: 
walking. Therefore, it still remains unknown which is the most 
appropriate intensity of exercise that untrained people can perform to 
have potential health benefits. 
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CHAPTER III 
GENERAL METHODS 
3. 1. INTRODUCTION 
The methodologies common to all studies presented in this thesis are 
described in detail in the six sections that follow. Sections 3.2. and 3.3. give 
information about the selection of the subjects who participated in the 
studies as well as the standardised procedures used during familiarisation, 
preliminary and main tests. Section 3.4. describes the composition of the 
meal used in the postprandial studies. The analytical procedures used for 
the analysis of the expired air and blood samples are described in the 
section 3.5. Finally, sections 3.6. and 3.7. present the anthropometric 
techniques that were used to assess the subjects' physique and the 
statistical techniques employed in the studies conducted in the present 
thesis, respectively. 
3.2. SUBJECTS 
Both men and women (Chapters IV, V and VI) and women only (Chapter 
VII) voluntarily participated in the studies conducted in the present thesis. 
Subjects were recruited by local advertisement or by personal contact. 
Volunteers were accepted to participate in each study provided that they 
met the following criteria: (i) free from a clinical history of 
hypercholesterolaemia, hypertriacylglycerolaemia, bleeding or coagulation 
disorders or physician diagnosed cardiovascular disease, (ii) non - smoker, 
(iii) free from a history of diabetes, hypertension and obesity, (iv) not 
currently taking any drugs known to affect lipoprotein and carbohydrate 
(CHO) metabolism. Assessment of health status was made using a medical 
history questionnaire which was completed in the presence of the 
experimenter confidentially, and potential subjects who did not satisfy the 
above criteria were excluded. 
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Prior to the start of each study, subjects were informed in writing about the 
purpose of the study, its procedures, any known risks, and their right to 
terminate participation at will. Each expressed understanding by signing a 
statement of jnformed consent (APPENDIX E). All studies were approved 
from the Ethical Advisory Committee of Loughborough University of 
Technology. 
3.3. EXPERIMENTAL PROCEDURES AND PROTOCOL 
All experimental tests in the present thesis were conducted in the Sports 
Science Research laboratory under neutral environmental conditions (18-
23 OC). All the studies (studies 1-4: Chapters IV-VII) reporting in this 
thesis, involved walking. Walking was selected as the exercise mode 
because it is considered to be the most applicable, safe and natural activity 
for a wide range of individuals. Most importantly, walking exercise can be 
prescribed for both the younger and the older individuals for improving 
health and fitness and does not require special abilities or motor skills. 
The studies were performed at varying walking intensities, and in order to 
draw useful conclusions, these intensities had to be precisely controlled. 
Therefore, a motorised treadmill (Quinton, model 606) was used for all the 
studies, and the appropriate speed and inclination could be set for every 
individual so that the predetermined exercise intensity could be elicited. 
3. 3. 1. Treadmill speed calibratioll 
The treadmill speed was checked both at the beginning and at the end of 
each study. Furthermore, on two occasions treadmill speed was measured 
at four different gradients (0%, 4%, 8% and 12%) .. Treadmill gradient had 
no effect on treadmill speeds between 1.30 - 1.88 metres per second (m·s· l ). 
Treadmill speed was checked by firstly measuring the length of the belt 
using a tape measure. The next step involved the measurement of the 
time that the belt needed to complete 100 revolutions using a stop watch. 
This was done for five different speeds .. As the walking studies were 
performed at different speeds (according to subjects' sex, age and physical 
fitness), treadmill speed check calibration was done using a wide range of 
speeds (between 0.89 and 1.79 m·s· l ). 
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Knowing the distance travelled by the belt and the time (in sec) taken for 
100 revolutions (belt length 3.75 m x 100 times = 375 m), the speed was 
calculated in m·s·1 according to the formula: 
S d( I) 3.75 x 100 pee m's' = 
time (s) to do 100 revs 
Table 3.1. presents the treadmill set speed as indicated by the treadmill's 
digital speedometer, and the speed calculated using the above formula, as 
well as the percentage difference between these two speeds. 
Table 3.1. The speedometer and calculated speeds during the treadmill 
calibration procedure 
Set Distance 
speed travelled 
(m·s- I ) (m) 
0.89 375 
1.12 375 
1.34 375 
1.56 375 
1.79 375 
3.3.2. Familiarisation 
Actual 
Time 
(s) 
420.1 
336.0 
279.2 
240.1 
209.3 
Calculated 
Speed 
(m·s- I ) 
0.89. 
1.12 
1.35 
1.56 
1.79 
%Diff 
0.2 
0.1 
0.2 
0.2 
0.2 
Prior to any preliminary or main experimental testing each subject 
completed one practice session of about 20 min duration. In this session 
the subjects had to : 
• get accustomed to walking on a motorised treadmill at both an 
horizontal and an inclined level. 
• select the appropriate speed which was estimated to be as close as 
possible to their natural walking pace. The height, weight and physical 
fitness of the subjects was also taken into account for the selection of 
the most appropriate walking speed. 
• get familiarised with the mouthpiece and the nose clip during walking. 
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• get accustomed to the recording of heart rate and rating of perceived 
exertion. 
• learn to leave the treadmill in an emergency situation. 
3. 3. 3. Preliminary measurements 
3 3 3 1. Maximal oxygen uptake 
The maximal oxygen uptake of each subject (V02max) was determined 
during the second visit, using a continuous incremental walking test to 
exhaustion on the treadmill (Taylor et al., 1955). The test was divided into 
three minute (min) periods. The treadmill speed was kept constant 
throughout the test (range between 1.34-1.88 m·s- I ) while the inclination of 
the treadmill increased by 3-5% (depending on the subject's capacity) every 
three minutes from an initial grade of 7-8%. Expired air was collected 
during the last minute of each stage 0:45-2:45) using the Douglas bag 
technique. Heart rate (HR) was monitored throughout the test, and rating 
of perceived exertion (RPE) was recorded at the end of each stage using the 
Borg's scale (Borg, 1982). The final collection of expired air was made 
during the last minute of the test, after the subjects had indicated that were 
able to continue for only one more minute (by raising his/her hand). The 
Y02 value obtained during the last expired air collection was taken as the 
Y02max value. Strong verbal encouragement was given to each subject 
during the test. Criteria for attaining the V02max included (in addition to 
volitional exhaustion) a respiratory exchange ratio (R) > 1.10; only a small 
or no increase in V02 from the penultimate to the last expired air sample 
«0.15 I'min- I ; Taylor et al., 1955); heart rate z 220 - age (± 10 beats·min- I ); 
ventilatory equivalent for oxygen (VE·Y02) > 30. When less than three of 
the above criteria were not satisfied the V02max test was repeated, 
3 3, 3, 2, Submaximal incremental test 
On a third visit, subjects performed four continuous 4 minute stages of 
submaximal uphill walking at a constant speed throughout the test (range 
between 1.34-1.83 m·s- l ). The initial grade elicited approximately 30% of 
the subject's V02max and it was increased every four minutes in order to 
elicit about 40%, 50% and 60% of V02max. Expired air samples were 
collected during the last minute of each stage. HR and RPE were recorded 
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during the same period. The aim of this test was to determine the 
equation describing the linear relationship between V02 and grade. From 
this equation the grade which would elicit 30% (Chapters IV, V, VI) and 
60% (Chapters IV, V, VI and VII) of each individual's V02max was 
interpolated in order to be used during the subsequent main walking tests. 
3.3.4. Main tests 
The aim of the first three studies (Chapters IV, V, VI) was to determine 
whether a prolonged bout of prior walking exercise at various intensities 
had an effect on the lipid and lipoprotein metabolism in both the fasted 
and postprandial states. In the fourth study (Chapter VII), comparisons 
were made between the fasted and postprandial lipids of trained and 
untrained individuals. 
3, 3 4 I, Experimental Prolocols 
The experimental protocol of each study is briefly presented in the 
following paragraphs and in more details in the methodology section of 
each experimental chapter. 
In study 1 (Chapter IV), 90 min of walking was performed at 30% or 60% of 
the subject's V02max. Blood lipids were determined during exercise, and 1 
and 24 hours after exercise, in the fasted state. Subjects were young adults. 
In studies 2 and 3 (Chapters V and VI), subjects walked at 30% of V02max 
for 90 min (study 2) or 180 min (study 3) or at 60% of V02max for 90 min 
(both studies) or refrained from exercise in the afternoon of day 1. Blood 
lipids were measured in the next morning (16 hours after exercise or rest) 
before (fasted state) and at regular intervals during the 6 hours following 
the ingestion of a high fat test meal (fed state). Subjects were young adults 
(see Fig. 3.1.) . 
In study 4 (Chapter VII), 90 min of walking was performed at 60% of 
V02max or subjects refrained from walking. Blood lipids were examined 
the next morning (16 hours after exercise or rest) before and after the 
ingestion of the fat meal. Subjects were trained and untrained middle aged 
women aged 35 to 50 (see Fig. 3.1.). 
AFTERNOON 
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Fig. 3.1. The general experimental protocol in studies 2, 3 and 4 
(Chapters V, VI and VU). 
3. 3. 4. 2 Walking test procedures 
During each walking test, expired air samples were collected every 15 min 
for two minutes in Douglas bags, and HR and RPE were also recorded 
during the same period. Blood lactate concentration during walking was 
determined in duplicate 20Jllof venous (Chapter IV) or capillary (Chapters 
V, VI, VII) blood samples taken before and every 30 min during each 
walking test. Body mass during each test was measured before and after 
each walking test. Water was provided ad libitum during each test and the 
volume consumed was recorded. 
3. 3 4. 3. Oral fat tolerance lest procedures 
Studies 2, 3, and 4 (Chapters V, VI and VII) involved the ingestion of a 
high fat meal, 16 (range 15-17) hours after the end of the walk or rest 
period. Information about the composition of the test meal is given in the 
next section (3.4.). Subjects came to the laboratory in the morning after a 12 
hour fast and a baseline fasting blood sample was obtained. The test meal 
was then ingested within a 15 min period, and further blood samples were 
taken at intervals for the next 6 hours. During the 6 hours following the 
meal, subjects rested quietly in the laboratory and only consumption of 
water was allowed. The volume consumed (ad libitum) during the first 
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trial was recorded and it was ensured that the same volume was 
consumed during the subsequent trial(s). Furthermore, the timing of the 
consumption of this water was kept the same in each trial for each 
individual. 
The effect of walking on the metabolic (apart from the lipaemic) responses 
before and after the ingestion of the meal was also investigated in studies 3 
and 4 (Chapters VI and VII). Samples of expired air were collected for 5 
min before and at intervals during the 6 hours following the ingestion of 
the meal. Expired air collection was made prior to each blood sample, in 
order not to disturb the relaxed condition of each subject. In addition, all 
expired air collections were performed after the subjects had been seated 
for at least 25 min. In all studies both the exercise and the resting expired 
air samples were collected with Douglas bag. The results of Segal 's (1987) 
comparative study showed that in healthy individuals, similar results 
were obtained between the ventilation hood, face mask and mouthpiece 
methods for the estimation of resting energy expenditure. The same 
author concluded that the usage of the simplest and most comfortable 
mouthpiece technique is an acceptable and accurate alternative for the 
estimation of energy expenditure. 
3. 3. 4 4 Blood collection 
Capillary blood samples were collected before and during the walking in 
studies 2, 3 and 4 (Chapters V, VI and VII). Before a resting sample, the 
hand was immersed in warm water to increase the blood flow and 
arterialise the capillary blood. The skin was punctured using an Auto-clix 
automatic lancet (Boehringer Mannheim, U.K. Ltd) and duplicate 201-11 
blood samples were collected in micro-pipettes (Accupette Pipette, Baxter 
Healthcare Corporation, USA). 
Venous blood samples were obtained from an antecubital vein using an 
indwelling cannula (venflon, 18 gauge) which was inserted under local 
anaesthetic (0.4 ml of 1% lignocaine) to minimise subject's discomfort. 
After cannulation, subjects remained in a sitting position on the couch for 
10 min before any resting blood sample was obtained. The cannula was 
kept patent by flushing it with a small volume of normal (9 g·l-I), non-
heparinised saline. Due to the large effects of changes in body posture on 
plasma volume shifts (up to 10% decrease in plasma volume can occur 
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when body posture changes from lying to standing; Rowell, 1993) all blood 
samples were taken while subjects were sitting. During study 1 only 
(Chapter IV), all venous blood samples were taken while the subjects were 
standing. 
In study 1 (Chapter IV), the 24 hour venous blood sample was obtained by 
venopuncture from an antecubital vein while the subjects were standing. 
As prolonged occlusion of the veins is known to cause an increase in the 
blood lipid metabolite concentrations (Evans et al., 1993), each sample was 
drawn without stasis. 
3. 3. 5. Dietary control and analysis 
In all the studies, dietary and exercise habits were controlled for 3 days 
prior to each testing day. However, as the protocol of each individual 
experimental Chapter is different, information about the dietary and 
exercise patterns is given in detail in each Chapter separately. Subjects 
were asked to record their food intake in dietary sheets provided by the 
experimenter. These food intakes were then analysed using a 
computerised version of food composition tables (Salford Microdiet, 
Compeat, Nutrition Systems,London). 
3. 4. THE HIGH FAT TEST MEAL 
The test meal ingested in studies 2, 3 and 4 (Chapters V, VI and VII) 
consisted of whipping cream, oats, sultanas, chocolate drops, brazil nuts, 
coconut, apple and banana (Fig. 3.2.). These ingredients were always the 
same branded goods (J. Sainsbury plc). The meal was developed in our 
laboratory from the information provided by Schlierf et al. (1987) and its 
reproducibility and palatability were shown to be satisfactory in relation to 
the consumption of cream alone (Aldred and Hardman, 1993). The 
quantities of each ingredient in the meal used for all the studies of the 
present thesis are presented in Table 3.2. (for a 70 kg person). The fatty acid 
composition of the meal is presented in APPENDIX C. Two slightly different 
meal compositions were used. This occurred because the test meal in study 
2 (Chapter V) included a quantity of oats that two subjects had found 
difficult to consume entirely. This amount was reduced for the subsequent 
studies 3 and 4 (Chapters VI and VII). By doing so, the amount of 
carbohydrate (CHO) provided by the meal was reduced, but the amount of 
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ingested fat was kept almost the same by increasing slightly the amount of 
nuts (Tables 3.2. and 3.3.). Table 3.3. shows the percentages of energy 
provided from fat, CHO and protein in the two meals. The test meal in 
study 2 provided 1.29 g fat, 1.44 g CHO and 0.2 g protein per kg body mass, 
whereas the corresponding values for study 3 were 1.28 g, 1.24 g and 0.2 g. 
The test meal was prescribed according to total body mass for the young 
adults who took part in studies 2 and 3, and according to fat-free mass for 
the middle-aged adults in study 4. The test meal used in study 4 provided 
1.7 g fat, 1.65 g CHO and 0.25 g protein per kg fat free mass. 
... ...,::to. 
\ .. ~, 
, 
\ 
Fig. 3.2. The ingredients of the test meal ingested in studies 2, 3 and 4. 
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Table 3.2. The quantities of the ingredients ingested with the test meal 
in studies 2, 3 and 4 for a 70 kg person. 
Ingredients 
Cream 
oats 
sultanas 
choc. drops 
nuts 
coconut 
apple 
banana 
Study 2 
(g) 
189 
75 
10 
10 
10 
5 
50 
84 
Studies 3, 4 
(g) 
189 
56 
10 
10 
11 
5 
50 
84 
Table 3.3. Values of energy, amount of fat, carbohydrate (CHO) and 
protein and percentages of energy provided from fat, CHO and protein 
of the test meal ingested in studies 2, 3 and 4 for a 70 kg person. 
Study 2 Studies 3, 4 
Energy (kJ) 5324 5215 
Fat (g) 90 90 
CHO(g) 101 87 
Protein (g) 15 13 
% energy from Fat 64 67 
% energy from CHO 32 29 
% energy from Protein 5 5 
The test meal was well tolerated by all subjects participated in the three 
studies of the present thesis, without any sign of nausea or other 
gastrointestinal discomfort. 
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3.5. ANALYTICAL METHODS 
3.5.1. Expired air analysis 
In all the preliminary and main tests, samples of expired air were collected 
in Douglas bags (Harvard Equipment Ltd.). During the collection, subjects 
had a nose clip and a snorkel-type mouthpiece (both Harvard Equipment 
Ltd.). The mouthpiece was fitted to a lightweight one-way respiratory 
valve which in turn was attached to a 1.5 metre section of wide bore (30 
mm diameter) lightweight tubing (Falconia: Baxter, Woodhouse and 
Taylor). The tubing terminated in a two-way tap (Harvard Equipment Ltd.) 
which was used to open and close the Douglas bags. 
Samples of expired air were analysed for fractions of 02 and C02 using a 
paramagnetic oxygen analyser (Servomex-Sybron, model 570A) and a 
carbon dioxide analyser (Lira Gas monitor model, 3350). Both analysers 
were calibrated before each exercise test using certified reference gases and 
atmospheric air. The volume of expired air was measured by a Harvard 
dry gas meter. Expired air temperature was measured while evacuating the 
Douglas bags using a thermometer probe (Edale Instruments Ltd, type 
2984, model C). The barometric pressure was obtained from a barometer 
(Griffin and George Ltd). The Haldane transformation formula was used 
to calculate the inspired gas volumes, and all gas volumes were corrected 
to STPD. Oxygen uptake ("V02), carbon dioxide output ("VC02) and 
respiratory exchange ratio (R) were calculated. From these values the 
substrate oxidation rates and the energy expenditure were calculated uSing· 
indirect calorimetry, according to the method described by Consolazio et al. 
(1963; APPENDIX 02). In these calculations it was assumed that there was no 
protein oxidation. 
HR was monitored during the preliminary and main exercise tests via an 
electrocardiograph (Rigel cardiac monitor 302, Rigel Research, U.K. Ltd) 
with three chest electrodes (3M U.K. Ltd type 2255, modified Lead I). 
3. 5. 2. Treatment, storage and analysis of blood samples 
Venous samples (=10 m!) were placed into non-heparinised plastic tubes 
(Sarstedt, U.K.) and duplicate 20 ~l aliquots were taken for the 
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spectrophotometric (Cecil, CE 393) determination of haemoglobin 
concentration using a Cyanmethaemoglobin method available from a 
commercial kit (Haemoglobin test combination, Boehringer Mannheim 
GmbH, U.K. Ltd). Haematocrit was also determined in triplicate after 
centrifugation in a microcentrifuge (Hawksley Ltd). Changes in plasma 
volume were estimated from the changes in haemoglobin and 
haematocrit values (Dill and Costill, 1974). In study 1 (Chapter IV) 
duplicate 20 J..lI aliquots were taken from the venous blood for lactate 
determination. These samples and the capillary samples collected during 
the walking tests of the other three studies, were immediately 
deproteinised in 0.4 mol·l-l (2.5%) perchloric acid, stored at -20 0C and 
analysed at a later date using a fluorometric method described by Maughan 
(1982; APPENDIX Al). 
In studies 3 and 4, approximately 1 ml of whole blood was dispensed in 
sodium fluoride microtubes (Sarstedt, U.K.) for stopping further glucose 
oxidation. These tubes were immediately centrifuged (Sanyo 
microcentaur, MSE) at 12000 revs·min- l for 4 min. Plasma was then 
separated and stored at -70 0C until glucose determination (APPENDIX AS). 
The remaining blood was left to clot for one hour at room temperature 
(studies 1, 2 and 4) or at 4 oC (study 3)t, before being centrifuged at 6000 
revs for 15 min (Burkard Koolspin, I-lP refrigerated centrifuge, set at 4 OC). 
Serum was then removed and separated into small aliquots (about 800 J..lI 
each) which were stored in a - 70 oC freezer. 
An exact 1 ml aliquot of serum (studies 1, 2 and 4) was stored at 4 0C prior 
to HDL analySis (within 5 days after being collected) by precipitation with a 
divalent cation (manganese chloride) and polyanion (sodium heparin) 
(Gidez et al., 1982; APPENDIX A2). HDL3 was determined by subsequent 
dextran sulphate precipitation of HDL2 (see APPENDIX A2). In study 3 only 
precipitation of HDL was performed from frozen (-70 OC) serum samples, 
by using a manganese chloride/phosphotungstic acid precipitant available 
from Boehringer Mannheim in a kit (GmbH, U.K. Ltd, see APPENDIX A2). 
t a pilot study with repeated blood samples before and after the meal showed that 
differences in the temperature during the clotting process did not have any effect on lipid 
concentrations, as values from serum stored at room temperature and at 4 0C were not 
significantly different, see APPENDIX C. 
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Duplicate aliquots of frozen serum or plasma (for glucose concentration, 
studies 3 and 4) were analysed photometrically on an automated 
centrifugal analyser (Cobas Bio, Roche U.K. Ltd) for the concentrations of: 
• Total cholesterol and cholesterol in HDL and its subfractions by using 
an enzymatic, colorimetric method provided in a commercial kit 
(Cholesterol CHOD-P AP test, Boehringer Mannheim GmbH, u.K. Ltd; 
APPENDIX A3) 
• Triacylglycerol, by using an enzymatic, colorimetric method provided 
in a commercial kit (Triglycerides GPO-PAP test, Boehringer 
Mannheim GmbH, U.K. Ltd; see APPENDIX A4) 
• Glucose, by using an enzymatic, colorimetric method provided in a 
commercial kit (Glucose GOD-PAP test, Boehringer Mannheim GmbH, 
U.K. Ltd; APPENDIX AS) 
• Free fatty acids, by using an enzymatic, colorimetric method provided 
in a commercial kit (NEFA C, ACS-ACOD method, Wako Chemicals 
GmbH, Germany; see APPENDIX A6) 
Cholesterol concentrations of VLDL, LDL and HDL2 fraction were 
calculated rather than directly determined (see, APPENDIX 03). Cholesterol 
concentrations of HDL and HDL3 were multiplied by specific factors 
(APPENDIX 03) to correct for the sample dilution. 
Serum insulin concentration was measured by an Auto Gamma Counter 
(Cobra II) using a solid phase 1251 radioimmunoassay available in a 
commercial kit (COAT-A-COUNT Insulin, Diagnostic Products Corporation, 
LA; APPENDIX A7). Free glycerol concentration was measured (study 1 only) 
using an enzymatic fluorometric method modified by Laurell and Tibbling 
(1966; see APPENDIX AS). Blood lactate and free glycerol concentrations were 
measured using a Locarte fluorimeter (London, Model 8-9). 
One extra 5 ml venous sample was collected for each subject in studies 2 
and 4 (once) for the determination of phenotypes of apolipoprotein E by 
isoelectric focusing using Western blot techniques (APPENDIX A9). These 
venous samples were dispensed into EDTA tubes, and after plasma 
separation they were stored at -70 oC by the addition of sodium azide. 
Analysis of these samples was performed in the Human Genetics Lab, 
Dept. of Human Sciences, Loughborough University by Dr. S. S. Mastana 
and Mrs. A. Packynko. 
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With the exception of HOL and HOL3 (studies 1, 2 and 4), samples from 
the same subject were analysed in the same analyser run whenever 
possible. Between and within batch accuracy and precision were checked by 
using quality control serum supplied from Boehringer Mannheim 
(Precinorm-L), Roche (Control Serum N from human) and Nycomed 
Pharma (Seromorm TM Lipid). The between and within batches coefficient 
. . Standard Deviation 
of varIation (CV = mean x 100) of the assays employed are 
shown in APPENDIX Al0. 
3.6. ANTHROPOMETRIC MEASUREMENTS 
Standard anthropometric techniques were used to measure the subjects' 
physical characteristics, i.e. height, body mass (all studies) and composition 
(fat mass, fat free mass and fatness, study 4). Body density was estimated by 
using the skinfold thickness technique and the age and sex specific 
equations (APPENDIX DJ) developed by Ournin and Womersley (1974). 
From body density, the percentage of body fat was then estimated 
(APPENDIX DJ). The estimation of body fatness from skinfold thickness 
relies on the direct relationship between the quantity of subcutaneous fat 
at particular sites and the total body fatness (Fidanza, 1991). By knowing 
the total body mass and the percentage of body fat, the fat and fat-free 
masses were estimated (APPENDIX Dl). Body composition measurements 
were performed (study 4; Chapter VII) for two reasons; firstly, for assessing 
differences in body composition between trained and untrained 
individuals and secondly, for the prescription of the test meal per kg 
subject's fat-free mass (for further explanation, see section 7.2.). Finally, the 
distribution of fat in the body which provides important additional 
information as regards metabolic risk factor and cardiovascular disease, 
was assessed by measuring the waist and hip circumferences and 
calculating the waist to hip ratio (APPENDIX DJ). 
3.6. 1. Height 
Height was measured in metres (m) on a Holtain fixed wall stadiometer. 
Subjects were requested to stand against the stadiometer so that the heels, 
buttocks and scapulae were in contact with the backboard, with heels 
together and in contact with the ground. The head was positioned in the 
Frankfort Plane, with the line between the lower orbits of the eyes and the 
external auditory meatii perpendicular to the board. A weight was placed 
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on the headboard to flatten the hair, and overcome friction. Subjects were 
instructed to breathe in and stand as tall as possible before height was 
measured. 
3. 6. 2. Body mass 
Body mass was measured in kilograms (kg) by using a beam balance 
(Avery) and with the subjects wearing light shorts and T-shirts. No shoes 
or socks were allowed. Body mass was recorded for the expression of 
oxygen uptake in millilitres per kilogram body mass per min (ml·kg-l.min- I), 
for the prescription of the test meal in studies 2 and 3, and for the 
calculation of fat free mass, fat mass, percentage of body fat and body mass 
index (APPENDIX 01). 
3. 6.3. Skinfold thicknesses 
Skinfold thicknesses (in Chapter VII) were measured in millimetres (mm) 
using a Holtain Tanner /Whitehouse skin fold caliper (Holtain Ltd., 
Crymmych, U.K.). The caliper was rectangular ended, and exerted a 
constant pressure of 10 g·mm-2. The pressure exerted was calibrated at the 
beginning and end of the study (Chapter VII) to ensure that the required 
pressure was exerted by the jaws of the caliper. Skinfold thicknesses were 
measured at four sites (biceps, triceps, subscapular and supra iliac) and at 
the left side of the body. Skinfolds were lifted with the thumb and the 
index finger of the left hand one centimetre (cm) from the skinfold site so 
that the two layers of skin at the point of measurement were parallel. The 
caliper was applied, and the reading (the nearest 0.1 mm) was taken after 
two seconds. This procedure was repeated, and the mean of the two 
measurements was taken as the value for this particular site. The 
coefficients of variation for each site of skinfold measurements were: 
biceps 2%, triceps 1.9%, subscapular 1.6% and suprailiac 1.8%. The 
skinfolds at the four sites were measured as follow: 
Biceps skinfold 
The mid-point between the acromion and the olecranon was located with 
the arm flexed at an angle of 90 degrees. Measurements were made at this 
level, on the anterior aspect of the arm, over the belly of the biceps muscle, 
with the arm hanging relaxed by the side and the hand supinated. 
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Triceps skinfold 
The triceps skinfold was measured at the same level as the biceps skinfold, 
but on the posterior aspect of the arm, above the olecranon process. The 
arm was kept relaxed by the side during the measurement. 
Subscapular skinfold 
The subscapular skinfold was measured with the subject standing, with 
shoulders relaxed, and arms by the sides. Skinfold thickness was measured 
downward and laterally 1 cm below the inferior angle of the scapula. 
Suprailiac skinfold 
Suprailiac skinfold was measured vertically, above the iliac crest, on the 
mid-axillary line with the arm slightly abducted (Durnin and Womersley, 
1974). 
3.6.4. Body circumferences 
, 
Waist and Hip circumferences were measured using a Oexible elastic 
Fibron tape (eMS Weighing Equipment, London). All measurements 
were made with the tape tautened so it made firm contact with the skin, 
but tissue was not compressed. The position of the tape was checked before 
taking each reading, so that it was in an horizontal position around each 
circumference. During the measurements, subjects were asked to stand 
with their weight equally distributed on both legs. 
Waist circumference 
The measurement was made at the mid-point between the costal margin 
and iliac crest, with the abdominal muscles relaxed. 
Hip circumference 
Hip circumference was measured with the subject's heels together, and 
feet at an angle of approximately fifteen degrees. The maximal 
circumference was identified by raising and lowering the tape. 
l 
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3.7. STATISTICAL ANALYSIS 
One, two or three-way analyses of variance (ANOV A) for repeated 
measures on both factors were used where appropriate for statistical 
analysis. Where significant F ratios were found (P<O.05), the .means were 
compared using a Tukey post-hoc test. Furthermore, paired and unpaired 
t-tests were also used, as it is stated in the methodology section of each 
individual experimental chapter. Relationships between variables were 
examined by calculating the product moment correlation coefficient (r). 
Statistical significance was accepted at 5% level. Results are presented as 
mean ± standard error (SEM) or otherwise is stated. 
/ 
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CHAPTER IV 
THE INFLUENCE OF THE INTENSITY OF TREADMILL 
WALKING ON LlPIDS AND LIPOPROTEIN PARAMETERS 
IN THE FASTED STATE IN YOUNG ADULTS 
4.1. INTRODUCTION 
It is well, documented that one prolonged and intense (> 70% of V02max) 
bout of exercise such as ski-racing, marathon, cross country running, 
cycling and triathlon decreases serum concentrations of TAG, TC and LDL-
C and increases serum HDL-C concentration (Carlson and Mossfeldt, 1964; 
Enger et al., 1980; Thompson et aI., 1980; Kantor et al., 1984; Dufaux et aI., 
1986; Frey et al., 1993; Kantor et al., 1987; Foger et al., 1994; Lamon-Fava et 
al., 1989). However, it is still uncertain whether the type and am.ount of 
exercise typically recommended for a healthy lifestyle (Pate et al., 1995) can 
bring about qualitatively similar changes in lipoprotein metabolism. 
Limited evidence suggests that one bout of low to moderate exercise 
intensity (30-60% V02max) may decrease TC, TAG and increase HDL-C 
concentrations (Cullinane et al., 1982; Durstine et al., 1983; Lennon et aI., 
1983; Berger and Griffiths, 1987; Pay et aI., 1992). 
Direct comparisons between the effects of low (or moderate) and moderate 
(or high) intensity exercise bouts on serum lipids have been conducted in 
very few studies. Most of these have shown that. the increases in HDL-C 
(Hicks et aI., 1987; Gordon et aI., 1994) and decreases in TAG (Hughes et aI., 
1990) concentrations with a bout of exercise are directly related to exercise 
intensity during running. This may be partially explained by the fact that 
the changes that occur in lipid and lipoprotein concentrations following 
exercise may reflect the utilisation of intramuscular energy stores of the 
previous exercise bout. It is possible that a prolonged bout of moderate 
exercise intensity may be more effective in lowering serum lipids than a 
lower intensity one since intramuscular energy stores contribute to a 
greater degree to total energy expenditure in moderate exercise (Romijn et 
al., 1993). 
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The purpose of the present study was to compare the effects of treadmill 
walking at two different intensities on serum concentrations of lipid and 
lipoprotein variables. Walking (as opposed to running) was used, since it 
is the mode of exercise which can be performed by individuals over a wide 
range of age and physical fitness. The two exercise intensities used (30% 
and 60% V02max) were selected (i) because they represent the range of 
exercise intensities which are commonly seen in uphill walking, but more 
importantly (ii) because most of the energy is supplied from fat 
metabolism. The effects of these two intensities were examined during 
exercise and 1 and 24 hours after exercise i.e. short term and long term 
recovery. This was decided in the light of evidence that the energy stores 
that have been utilised during exercise are replenished in the recovery 
period after exercise (Nikkila, 1987) and may therefore have an impact on 
lipoprotein metabolism. 
4. 2. METHODS 
4.2.1. Subjects 
Twelve healthy volunteers (5 men, 7 women) participated in the present 
study which had University Ethical Committee approval. Their mean 
(±SEM) age, BMI and V02max were 28±2 years, 26.1±0.9 kg·m·2 and 48±3 
ml· k g ·1. m in· 1, respectively. All subjects were non-smokers and 
recreationally active. None were taking any drugs known to affect 
lipoprotein metabolism. Their physical characteristics are shown in Table 
4.1. 
Table 4.1. Physical characteristics of men (n=5), women (n=7) and all 
the subjects who participated in the present study (Mean±SEM) 
AGE HEIGHT WEIGHT BMI V02MAX 
(years) (m) (kg) (kg·m·2) (ml·kg·1.min-1) 
MEN 27.6±2.2 1.75±t.2 74.2±4.9 23.8±t.2 54.7±3.9 
WOMEN 28.7±2.2 1.64±2.5 57.5±1.9 20.9±t.t 41.2±1.6 
ALL 28.2±1.5 1.7D±2.3 65.9±3.3 22.6±O.9 48.D±2.7 
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4.2.2. Experim ental procedures and protocol 
4 2.2.1. Preliminary lesls 
After a familiarisation session (see, section 3.3.2.), each subject performed 
two preliminary walking tests on the treadmill. In the first session V02max 
was determined during uphill walking at a constant speed using an 
incremental test to exhaustion modified from that described by Taylor et 
al. (1955). A second session involved a sub maximal, 16 min incremental 
uphill walking test in order to establish the steady state relationship 
between V02 and treadmill grade. From this relationship the grades 
needed to elicit 30% and 60% of each individual's V02max were 
interpolated and adopted for the subsequent 90 min walking tests. Further 
details of the two preliminary tests were presented in section 3.3.3. 
4 2.2.2. Main tests 
Starting one week after the preliminary tests, each volunteer walked for 90 
min on the treadmill, on two occasions, seven days apart, in a balanced 
cross-over design (Fig. 4.1.). On one occasion walking was performed at a 
grade which elicited 30% of V02max, i.e. low intensity (LI), while on the 
other occasion it elicited 60% of V02max, i.e. moderate intensity (MI). The 
grades at the two different intensities were 1.2±0.3% and 10.2±0.8%, 
respectively. The treadmill speed was kept the same for each subject 
during the two main trials (mean: 1.65±0.04, range 1.34-1.79 m·s· l ) 
according to the individual's V02max. Each trial commenced at 8.00 am 
after the subjects had fasted for 12 hours. 
During the two main trials, expired air samples were collected for two min 
every 15 min, and HR and RPE were recorded at the same intervals. Water 
was provided ad libitum, but the volume consumed was recorded. 
Venous blood samples were obtained from a cannula inserted into an 
antecubital vein before, every 30 min during and immediately after each 
walking trial. Venous samples were obtained immediately after the end of 
an expired air collection. A further blood sample was taken 1 hour after 
the end of each walking, while subjects remained in the laboratory quietly 
without eating or drinking anything (apart from water) for this further 
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hour. The next morning following the walking exercise (24 hours after the 
end of each walk) subjects reported again to the laboratory after a 12 hour 
fast, and a final blood sample was taken by venopuncture. All the blood 
samples were taken with the subjects in a upright position. 
In order to standardise dietary and exercise habits, subjects were asked to 
weigh and record the food and drink consumed for the two days prior to 
and for the day following the first trial and to replicate this diet for the 
same period during the second trial. Subjects refrained from exercise for 48 
hours before, and for the day following, each trial. 
REST 
Walk at 30% 
or 60%V02max 
O' 30' 60' 90' 1 h 24h' 
t t t t t t POST·EXERCISE RECOVERY 
EXPIRED AIR COLLECTION 
HEART RATE 
RATING OF PERCEIVED EXERTION 
+ Venous sample 
Fig. 4.1. The schematic presentation of the protocol of the study 
4.2.3. Analytical m eth ods 
Collection of the expired air samples was made using the Douglas bag 
method (section 3.5.1.). From the expired air samples, the V02 uptake, the 
VC02 production and the R values were determined. 
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Venous blood .samples (~10ml) were collected into non-heparinised tubes. 
Aliquots of whole blood were collected for the determination of 
haemoglobin concentration and haematocrit (see section 3.5.2.) before and 
at the end of each walking trial. From haematocrit and haemoglobin 
concentrations plasma volume changes were estimated (Dill· and Costill, 
1974). Further 20111 aliquots of whole blood were taken at rest and at all 
sampling points during each walk for the determination of blood lactate 
concentration (as described in APPENDIX AI). 
Remaining blood was allowed to clot for 1 hour at room temperature 
before being centrifuged. Serum was then separated into small aliquots 
and stored at -70 oC until analysed for TC, TAG, FFA and glycerol 
concentrations (APPENDICES A3, A4, A6, AB respectively). TAG concentration 
was corrected for free glycerol. Further, a 1 ml aliquot of serum was stored 
at 4 oC prior to selective precipitation (within 5 days) for the 
determination of cholesterol concentration in HDL and HDL3 (Gidez et al., 
1982; APPENDIX A2). Cholesterol of HDL and HDL3 was measured using the 
enzymatic colorimetric method described at APPENDIX A3. The 
concentration of HDL2-C was calculated as HDL-C minus HDL3-C whereas 
LDL-C and VLDL-C were calculated using the Friedwald formula 
(APPENDIX 03). 
All the samples were analysed in duplicate using a centrifugal analyser 
(Cobas-Bio, Roche) and samples of each subject from both trials were 
measured on the same analyser run whenever possible. Accuracy and 
precision for the above assays were maintained by using throughout 
quality control sera (see APPENDICES A2-AB for each assay separately). 
Dietary patterns were analysed for the whole day following the 90 min 
walking, using a computerised version of food consumption tables 
(Compeat; see section 3.3.5.). 
4.2.4. Statistical analysis 
Statistical comparisons between the two trials (LI vs MI) in changes over 
time for various metabolic, lipid and cardiorespiratory parameters were 
made using a two-way analysis cif variance (ANOVA) for repeated 
measures on both factors (trial x time). Where significant F ratios were 
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found, the means were compared using the Tukey post hoc test. Values 
are presented as Mean±SEM. 
4.3. RESULTS 
4 .. 3. 1. Cardiorespiratory and blood lactate responses during 
walk ing 
The average (mean of the 6 sampling times) \T02 values (Table 4.2.) for the 
u· and MI trials represented 32.1±0.8% and 60.1 ±1.6% of \TO:lmax 
respectively (p<O.Ol). The average heart rate and rating of perceived 
exertion differed (p<O.Ol) between the two intensities (Table 4.2.). The R 
values were significantly lower throughout the U than MI walking trials 
(Fig. 4.2.), averaging 0.84±0.02 and 0.91±0.02 respectively, during the two 
walks. 
Table 4.2. Average values for oxygen uptake (VD 2), 
rating of perceived exertion (RPE), carbohydrate 
oxidised per min during low (LI) and moderate (MI) 
trials. (Mean±SEM) 
\102 HR RPE CHO 
heart rate (HR), / 
(CHO) and fat 
intensity walking_ 
FAT 
mt· kg-I. min-! beat· min-! g. min-! g. min-! 
u 14.7±O_B l00±3 9.1±OA O.5±O.l O.27±O.03 
MI 2B.4±2_0* 149±S* 12.9±O.4* 1.6±O.3* O.30±O.02 
* p< 0.01 from low intensity trial 
During the 90 min of walking at both intensities, there was an increase 
(p<O.OS) towards the last two collection times in both \T02 and HR values, 
0.9 ml·kg-I.min-! and 1.3 ml·kg-I.min-1 for \T02 and 7.7 beat·min-! and 16.4 
beat-min-! for HR, during MI and U respectively. Using indirect 
calorimetry it was found that the average amount of CHO oxidised per 
min in the MI was higher (P<O.Ol) than in the U trial, whereas no 
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significant difference was observed in the average fat oxidation rate 
between the two trials (Table 4.2.). Furthermore, it was estimated that the 
percentages of total energy derived from CHO and fat differed significantly 
during the LI and the MI trials (Fig. 4.3.). The total energy expended during 
. the MI trial was almost double that during the LI trial (3517±375 kJ vs 
1782±164 kJ, p<O.Ol). 
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Fig. 4.2. Respiratory exchange ratio during the 90 min of walking at the 
low (D) and moderate (.<1) intensity walking trials (Mean±SEM). 
*p<O.OS from LI trial 
Venous blood lactate concentration was higher (p<O.Ol) during the MI 
compared to the LI trial (Fig. 4.4.). Blood lactate concentration increased 
(p<O.05) during the first 30 min and remained elevated for the rest of the 
walking bout at MI, whereas no change was found during the LI trial. 
LI 
• GlO 
!ill FAT 
MI 
Fig. 4.3. A verage percentages of energy derived from carbohydrate 
(CHO) and FAT during the 90 min walking at low intensity (LI) and 
moderate intensity (MI) trials. (Mean±SEM) *p<O.OI from LI trial 
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Fig. 4.4. Venous blood lactate concentration before and during the 90 
min of walking at low (D) and moderate intensity (.1) walking trials. 
(MeaniSEM) *p<0.05 from LI trial 
4. 3. 2. Lipid and lipoprotein responses during and after th e 
walking 
Estimated changes in plasma volume (Table 4.3.) were not significantly 
different between the two trials, so the lipid and lipoprotein 
concentrations were not adjusted. 
Table 4.3. Haematocrit (Het) and Haemoglobin (Hb) values before and 
immediately after the 90 min walking and estimated changes in plasma 
volume (PV) with low (L/) and moderate intensity (M/) walking trials. 
(Mean±SEM) 
Hct 
% 
u PRE 42.5±1.5 
POST 41.9±1.4 
MI PRE 42.6±1.7 
POST 42.4±1.7 
Hb 
g·dl-1 
14.O±O.6 
13.8±O.7 
13.9±O.6 
14.l±O.6 
PV change 
% 
2.3±1.2 
-1.1±1.4 
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None of the pre-exercise serum lipid and lipoprotein values differed 
statistically between the two trials (Fig. 4.5.,4.6.,4.7. and Table 4.4.). 
Serum TAG concentration decreased (p<0.05) over time (Fig. 4.5.) but this 
decrease over time was not significantly different between trials. 
Specifically, serum TAG concentration was 17-20% lower immediately (90 
min), 1 and 24 hours after MI walking and 15% lower 24 hours after the LI 
walking in relation to pre-exercise values. Similar changes were observed 
for VLDL-C (Table 4.4.). 
Changes in TC over time differed (interaction, p<0.05) between the two 
intensities (Fig. 4.6.). No significant changes in LDL-C levels (Table 4.4.) 
over time between the two trials were observed, and LDL-C concentrations 
followed a similar pattern to those of TC during and after exercise in both 
intensi ties. 
1.10 
...l 
0 
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'" 
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REST 30' 60' 90' IH 24H 
TIME 
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Fig. 4.5. Serum triacylglycerol concentration before, during (30th, 60th 
and 90th min) and after (1 and 24 hours) the 90 min of walking at low 
(D) and moderate (.1) intensity trials. (Mean±SEM) 
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Changes in either HDL-C (Fig. 4.6.) or its subfractions (Table 4.4.) over time 
did not differ between the two trials. 
HDL·C (mmol.l·l) TC (mmol.H) 
1.75 5.50 
5.25 
1.65 
5.00 1 1 1 1.55 I I 4.75 1.45 4.50 1 1 1 1 1.35 4.25 
1.25 I I I i"/l----r'I~ 4.00 i i I IA~' i 
REST 30' 60' 90' 1H 24H REST 30' 60' 90' 1H 24H 
POST POST 
TIME TIME 
Fig. 4.6. Serum concentrations of high 4ensity lipoprotein cholesterol 
(HDL-C, left) and total cholesterol* (TC, right) before, during (30th,' 
60th and 90th min) and after (l and 24 hours) the 90 min of walking at 
low (D) and moderate (Li) intensity trials. (Mean±SEM) *p<O.OS 
difference in changes over time between trials (interaction) 
Changes in serum FFA and glycerol concentrations over time showed a 
significant· interaction (Fig. 4.7.), the exercise-induced increases being 
greater for moderate than low intensity exercise. Specifically, the absolute 
rise in serum glycerol concentration was higher (p<O.Ol) during (at 30 min) 
immediately after (90 min) and 1 hour after the MI than LI trial. The rise 
in serum FFA concentration was greater at the end of exercise (p<O.05) in 
the MI trial than in the LI trial. Furthermore, glycerol and FFA 
concentrations significantly increased (p<O.05) during exercise at both 
intensities in relation to pre-exercise levels and remained elevated 
(p<0.05) for 1 hour after the MI walking trial only. 
Table 4.4. Serum concentrations of high density lipoprotein cholesterol subfractions (HLD3-C and HDL2-C), 
low densit1j lipoprotein cholesterol (LDL-C) and venj low density lipoprotein cholesterol (VLDL-C) before, 
during and after low (L!) and moderate (M!) intensity walking trials. (Mean±SEM) 
BEFORE DURING AFTER 
Values 30 min 60 min 90min 1 hour 24 hours 
HDL3-C LI O.99±O.OS O.9S±O.OS O.99±O.OS O.97±O.OS O.94±O.O3 O.9S±O.OS 
(mmolrl ) MI 1.00±0.O6 1.00±O.O8 1.0S±O.07 1.08±O.O9 1.00±O.O7 O.98±O.O7 
HDL2-C LI O.Sl±O.10 O.SO±O.09 O.5O±O.O9 O.49±O.O8 O.53±O.O7 O.54±O.09 
(mmol·rl ) MI O.Sl±O.09 O.S2±O.08 O.S1±O.06 O.51±O.06 O.48±O.1O O.56±O.10 
LDL-C LI 2.83±O.31 2.73±O.31 2.70±O.30 2.73±O.28 2.77±O.28 2.91±O.30 
(mmolrl) MI 2.8S±O.38 2.81±O.32 2.81±O.30 2.83±O.29 2.79±O.3S 2.82±O.34 
VLDL-C LI O.43±O.OS O.4l±O.O4 0.39±O.04 O.39±O.OS O.39±O.04 O.36±O.OS 
(mmolrl) MI O.38±O.OS O.3S±O.OS O.33±O.OS O.31±O.O5 O.30±O.OS O.30±O.OS 
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Fig. 4.7. Serum concentrations of free fally acid (FFA, top) and 
glycerol (bottom) before, during (30th, 60th and 90th min) and after (1 
and 24 hours) the 90 min of walking at low (D) and moderate (Ll) 
intensity trials. (Mean±SEM) *p<O.OS from LI trial 
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4.3.3. Dietary patterns 
Dietary analysis was performed for the day following the exercise bout at 
both intensities. No significant differences were found between the two 
trials for the total energy intake and grams of protein, CHO and fat intake 
(Table 4.5.). The mean percentages of energy derived from fat (27.2±4% and 
29.5±3% for the LI and MI, respectively) and CHO (57.2±3% and 54.3±3% 
for LI and MI respectively) were not significantly different between the two 
trials. 
Table 4.5. Amount of total energy, protein, carbohydrate (CHO) and fat 
intake for the day following the low (L/) and moderate (MI) intensity 
walking trials. (Mean±SEM, n=10) 
u 
MI 
ENERGY 
kJ 
7784±950 
8306±811 
PROTEIN 
g 
68±7 
77±9 
CHO 
g 
270±22 
278±21 
FAT 
g 
64±14 
70±13 
4.3.4. Lip.id and lipoprotein responses of men and women 
The small number of subjects in each sex does not allow meaningful 
comparisons to be made between the lipid responses of men and women: 
This is the reason that only descriptive data are presented. Serum TC and 
HDL2-C concentrations for men and women are presented in Fig. 4.8. In 
addition, selected serum lipid and lipoprotein variables for men and 
women separately are demonstrated in Table 4.6. 
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Fig. 4.8_ Serum concentrations of total cholesterol (TC, top) and high 
density lipoprotein2 cholesterol (HDL2-C, bottom) in men (left) and 
women (right) before, during (30th, 60th and 90th min) and after (1 and 
24 hours) the 90 min of walking at low (D) and moderate (L1) intensity 
trials. (Mean±SEM) 
Table 4.6. Serum concentrations of high density lipoprotein cholesterol (HDL-C), low density lipoprotein 
cholesterol (LDL-C) and triacylglycerol (TAG) for men (n=5) and women (n=7) before, during and after low 
(LI) and moderate (MI) intensity walking trials. (Mean±SEM) 
BEFORE DURING AFTER 
Values 30 min 60 min 90 min 1 hour 24 hours 
MEN 
HDL-C LI 1.29±O.13 1.29±O.11 1.35±O.OS 1.34±O.OS 1.32±O.O7 1.36±O.O9 
(mmol·r1) _ MI 1.24±O.13 1.34±O.11 1.37±O.O7 1.45±O.1O 1.19±O.15 1.25±O.16 
LDL-C LI 3.20±O.70 3.11±O.2 3.06±O.69 3.03±O.64 3.12±O.63 3.17±O.70 
(mmol·l-1) MI 3.35±O.87 3.27±O.74 3.22±O.70 3.16±O.66 3.28±O.80 3.11±O.S3 
TAG LI O.87±O.16 O.83±O.15 O.81±O.17 O.82±O.16 O.80±0.16 O.69±O.16 
(mmol·rl ) MI O.78±O.18 O.76±O.20 O.72±O.19 O.63±O.20 O.60±0.19 O.66±O.22 
WOMEN 
HDL-C LI 1.65±O.15 1.57±O.14 1.59±O.14 1.54±O.13 1.57±O.11 1.59±O.16 
(mmol·r1) MI 1.71±O.15 1.65±O.16 1.68±O.16 1.69±O.15 1.67±O.13 1.75±O.14 
LDL-C LI 2.56±O.21 2.45±O.16 2.45±O.lS 2.52±O.16 2.52±O.20 2.72±O.18 
(mmol·r1) MI 2.49±O.17 2.48±O.16 2.52±O.15 2.59±O.18 2.46±O.16 2.61±O.15 
TAG LI O.99±O.13 O.93±O.12 O.89±O.12 O.SS±O.13 O.90±0.12 O.88±O.15 
(mmol·r1) MI O.85±O.15 O.76±O.13 O.71±O.13 O.74±O.14 O.70±O.14 O.67±O.11 
00 
.... 
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4.4. DISCUSSION 
The main finding of the study was that serum TAG concentration 
decreased as a result of the 90 min of walking at both moderate (decrease 
21 %) and low (decrease 15%) intensity, but that this decrease was not 
significantly different between the two conditions. 
Since Carlson and Mossfeldt (1964) first reported a marked decrease in 
plasma TAG concentrations after 8-9 hours of ski-racing, subsequent 
studies have confirmed the TAG-lowering effect of exercise immediately, 
or 1-2 days after, prolonged and intense running or cycling (Thompson et 
a/., 1980; Dufaux et a/., 1981; 1986; Berg et al., 1983; Frey et al., 1993; Lamon 
Fava et al., 1989; Kantor et al., 1987). On the other hand, some researchers 
who have used low to moderate exercise intensity, e.g. walking at 45% of 
V02max (Durstine et al., 1983), cycling at 55% V02max (Lennon et al., 1983) 
and running at 60% of V02max (Berger and Griffiths, 1987), failed to show 
any significant decreases in plasma TAG concentration. However, in the 
. latter studies TAG concentration was examined during or within a short 
recovery period after the exercise bout, in contrast to the former studies. In 
agreement with the present study, Hicks et al. (1987), Davis et al. (1992) and 
Gordon et al. (1994) did not find a significant effect of the intensity of 
exercise on the TAG responses after treadmill running (50-90% V02max for 
40-90 min). On the other hand, Hughes et al. (1990) reported that .TAG 
levels remained depressed for a longer period of time (48 vs 24 hours) after 
running for 12 min at 85% V02max than after running for the same period 
at 55% V02max, indicating that the time course of TAG changes was 
intensity dependent. The short duration (12 min) of the exercise bout and 
the employment of two different groups of subjects are two factors that 
should be taken into account when interpreting the results of the above 
study. 
Overall, the present study may suggest that serum TAG concentration 
could also be decreased after a bout of less intense exercise. Further, the 
present findings are in line with previous observations that the nadir of 
TAG decrease occurs 24 hours after exercise. Some possible mechanisms 
for the serum TAG reduction with exercise are explained in the following 
paragraphs. 
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During fasting the release of TAG from the intestinal cells is negligible and 
production of VLDL by the liver becomes the major source of circulating 
TAG. The concentration of TAG in the plasma at any time reflects a 
balance between their rates of entry and removal from the circulation. 
Both enhanced peripheral tissue uptake of TAG and/or decreased liver 
secretion have to be considered as the two possible mechanisms 
responsible for the lowering of serum TAG concentration following 
exercise in the present study. 
Uptake of circulating TAG by peripheral tissues is highly related to the 
activity of LPL (Terjung et al., 1983). LPL is the extra-hepatic enzyme 
responsible for the hydrolysis of TAG rich lipoproteins, and as such, it 
controls the rate-limiting step in the removal of TAG fatty acids from the 
circulation (Cryer, 1981). LPL is present in a variety of tissues; the highest 
activity is found in tissues that oxidise (skeletal and heart muscle) and 
esterify (adipose tissue) large quantities of FFA (Taskinen and Kuusi, 1987). 
LPL activity is regulated by a variety of physiological stimuli. Such a 
stimulus seems to be exercise. An increase in the activity of LPL of post 
heparin plasma (Kantor et al., 1984; 1987; Gordon et aI., 1994), muscle 
(Taskinen et al., 1980; Lithell et al., 1981a; 1984; Seip et al., 1995) and to a 
lesser extent adipose tissue (Taskinen et al., 1980; Lithell et al., 1979; Savard 
et aI., 1987) has been demonstrated as a result of an acute prolonged 
exercise bout in humans. Most importantly, many of the above studies 
were able to show a long-lasting exercise effect (from 12 to 24 hours) on 
LPL activity (Kantor et aI., 1984; 1987; Gordon et al., 1994; Lithell et aI., 
1981a; 1984; Seip et al., 1995), which could provide an explanation for the 
persistent post exercise reduction of serum TAG concentration observed in 
the present study. 
At the moment, one reason that is likely to explain the effect of exercise on 
LPL is a metabolic adjustment of the muscle tissue to increased fuel 
requirements. This simply means that an elevated activity of LPL would 
provide fatty acids for the restoration of TAG in skeletal muscle during the 
recovery period (Nikkila, 1987). During prolonged exercise of low to 
moderate intensity (lasting 60-120 min), plasma FFA originating from 
adipose tissue lipolysis (Havel et al., 1967) and FFA originating from 
intramuscular TAG lipolysis (Carlson et al., 1971; Essen et al., 1977; Hurley 
et al., 1986) supply the necessary energy for fat metabolism in the 
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exerclsmg muscle; whereas the VLDL TAG-FFA contribute to a minor 
degree (Havel et al., 1967; Oscai et al., 1990). In the present study the total 
fat utilisation during 90 min of walking was 27 g at MI and 24 g at LI trials 
(NS). Calculations of indirect calorimetry cannot discriminate between the 
different sources of fat oxidised i.e. adipose vs muscle tissue. However, 
since most of the subjects were physically active, fat oxidation might have 
been predominately supplied from intramuscular TAG (Hurley et aI., 1986; 
Jansson and Kaijser, 1987), particularly during the moderate intensity trial 
(Romijn et aI., 1993). Therefore, an increased uptake of circulating TAG 
stimulated by the muscle LPL activity during the recovery period may 
have provided the fatty acids for the replenishment of muscle TAG stores 
that were utilised during exercise. The rapid refilling of intramuscular 
TAG stores may be particularly important for the recovery of muscle after 
strenuous prolonged exercise. 
Until this point, one of the two possible mechanisms for the reduced 
serum TAG concentration after exercise has been discussed; i.e. the 
enhanced TAG uptake by the previously exercised muscle (me,diated by 
LPL activity) for the resynthesis of the intramuscular stores used during 
the exercise bout. The other possible mechanism for the reduction in 
serum TAG levels after exercise is the decreased rate of TAG influx to the 
plasma. Theoretically, the decrease in TAG secretion rate could come from 
a reduced flux of substrates (i.e. FFA, CHO) to the liver and/or a decreased 
rate of substrate utilisation for TAG synthesis by the liver (Mondon et aI., 
1984). During exercise several events occur that may have a potential effect 
on lipid metabolism in the liver such as, a change in circulating levels of 
energy substrates, an increase in the secretion of catabolic hormones 
(glucagon and growth hormone), a decrease in the secretion of insulin and 
a reduction in the splachnic blood flow. It is well documented that during 
prolonged intense exercise there is a reduction in the blood flow to the 
liver which may result in a decreased hepatic FFA uptake (Jones and 
Havel, 1967; Hagenfeldt and Wahren, 1973) and thus in a decreased 
formation and secretion of TAG by VLDL (Carison and Mossfeldt, 1964). A 
decreased TAG production from the liver after exercise may be the result 
of changes in the concentration of hormones in the blood (Dufaux 'et al., 
1982). In fact, many studies have reported a fall in insulin and an increase 
in glucagon and, thus glucagon/insulin ratio after an exercise bout 
(Taskinen et al., 1980; Lithell et aI., 1979; Dufaux et al., 1981). Since these 
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changes are in favour of a reduced hepatic TAG synthesis from CHO and 
FFA (Schade et al., 1979), this factor may contribute to the decrease in TAG 
which was observed immediately after and in the recovery period 
following exercise. 
The main aim of the present study was to examine whether serum lipids 
are altered in a different way by bouts of exercise of differing intensity. As 
already mentioned, no significant difference in the changes oyer time was 
observed between the two intensities in the present investigation. 
However, mean serum TAG concentration was lower (p<0.05) in the MI 
compared to the 11 trial. This may be attributed to the baseline TAG value 
which was numerically lower, although not significantly different by t-test, 
in the MI compared with the 11 trial. Although, dietary intakes, exercise 
and alcohol intakes were well standardised before each trial, two out of 12 
subjects showed a large intra-individual variation in their baseline 
responses between the two trials. This influenced the mean serum fasting 
TAG concentration in the present study. A large biological variation with 
regard the fasting plasma TAG concentration has been previously reported 
(Cooper et al., 1988). This may explain the different fasting TAG values 
which were observed between trials in these two subjects of the present 
study. With relatively small number of subjects such intra-individual 
variation can exert a large influence in the group mean. 
Although in the present investigation serum TAG concentration did not 
differ between the two intensities, this was not the case for serum TC 
concentration. The time course of changes in serum TC concentration was 
significantly different between the two intensities, indicating that TC 
responses were dependent on the intensity of exercise. In line with this 
finding, Hicks et al. (1987) reported that TC concentration was significantly 
increased after running at the higher intensity (90% of V02max) whereas it 
remained unchanged after the lower one (60% of V02max). In the present 
study, a varying pattern of TC responses was evident with increases and 
decreases occurring both during and after the MI and the 11 trials. On the 
other hand, this intensity effect on TC concentration was not 
demonstrated in other studies (Hughes et al., 1990; Davis et al., 1992; 
Gordon et al., 1994). The literature regarding the influence of one bout of 
exercise upon serum cholesterol is confusing and often contradictory. 
When TC is measured during or immediately after various forms of 
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exercise either an increase (Skinner et aI., 1987; Durstine et al., 1983; Pay et 
aI., 1992), or no change (Carlson and Mossfedt, 1964; Berger and Griffiths, 
1988; Kuusi et al., 1984) has been reported. Furthermore, TC concentrations 
have been found to be either similar (Cullinane et al., 1982) or lower 
(Enger et aI., 1980; Thompson et al., 1980; Dufaux et aI., 1981; Goodyear et 
aI., 1990; Frey et al., 1993; Foger et al., 1994) than the pre-exercise values in 
measurements ranging from one to 24 hours after exercise. These findings 
are in agreement with the results reported in both LI and MI trials. 
Possible reasons to explain the inconsistencies among the findings of 
various studies concerning the effect of exercise on TC concentration may 
be (i) differences in the nature of the activity (mode, intensity, duration, 
energy expenditure), (ii) the training status of the participants and (iii) the 
inconsistency in correcting (or not) for changes in plasma volume. In 
addition, the "actual" interpretation of TC may lead to a discrepancy 
because of the fact that the value of TC at any given time represents the 
sum of cholesterol contained in all lipoprotein fractions. For example, 
increases in cholesterol content of one lipoprotein may be nearly matched 
by a decrease in the cholesterol content of other lipoproteins such that TC 
concentration remains unchanged. 
Although the serum TAG concentration decreased as a result of the 
exercise bout, no change was found for either HDL-C or its subfractions 
between or within the two conditions in the present study. This is 
surprising in the light of evidence that the catabolism of TAG rich 
lipoproteins (through LPL activity) provides a substantial source of 
particles (i.e. surplus surface constituents such as phospholipids, free 
cholesterol and apoproteins) important in the formation of HDL 
(Eisenberg, 1984). These constituents are precursors in the synthesis of the 
more' dense HDL3 subfraction but also in the subsequent conversion of 
HDL3 to the less dense HDL2 fraction (Patsch et aI., 1978). Several studies 
have shown that exercise results in significant increases in the serum 
HDL-C concentration after prolonged exercise of high (Kantor et al., 1984; 
Dufaux et al., 1986; Goodyear et al., 1990; Thompson et al., 1980; 'Skinner et 
aI., 1987) and low to moderate intensity (Lennon et al., 1983; Durstine et aI., 
1983; Pay et al., 1992; Berger and Griffiths, 1987) which was in contrast to 
the present findings. Two studies (Hicks et al., 1987; Gordon et al., 1994) 
have reported that the HDL-C conc~ntration was intensity dependent, as it 
increased more after the higher (90% and 75% V02max, respectively) 
-- - - ---------
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compared to the lower (60% V02max, both studies) exercise intensity. Two 
other studies (Hughes et al., 1990; Davis et al., 1992), however, did not find 
this exercise dose response relationship for HDL-C concentration which is 
in line with the present study. A factor that is likely to influence the HDL-
C response after exercise may be related to the postexercise period within 
which the HDL measurements are performed. Therefore, studies in which 
low to moderate intensity exercise bouts were performed, a long lasting 
effect on HDL-C was not reported. It can thus be speculated that an increase 
in HDL-C levels after these exercise intensities may be observed when a 
longer postexercise recovery period is included. This is in line with some 
studies that have used more intense exercise bouts and have found 
significant elevations to occur even 48 and 72 hours after the end of the 
exercise bout (Engeret al., 1980; Kantor et al., 1984; 1987; Foger et al., 1994). 
In conclusion, the results of this study indicated that 90 min of walking at 
either low or moderate intensity decreased serum TAG concentrations for 
a prolonged time in these physical active and healthy young adults. These 
decreases were not greater during moderate intensity walking, indicating 
that favourable lipoprotein changes can be achieved even with low 
intensity walking. The lower TAG concentrations during recovery could 
be contributed to by both an increased peripheral uptake and/or a 
decreased hepatic production of serum TAG. The lack of a non exercise 
trial, however, is a limiting factor in the interpretation of the findings of 
the present study, because no data are presented about potential changes 
with no exercise bout. 
CHAPTER V 
THE EFFECT OF THE INTENSITY OF TREADMILL 
. WALKING ON POSTPRANDIAL LIPAEMIA IN YOUNG 
ADULTS 
5. 1. INTRODUCTION 
The previous study suggested that the exercise-induced decreases in serum 
TAG concentrations were independent of the exercise intensity. This was 
based on the observation that serum TAG concentration decreased to a 
similar degree after either moderate or low intensity treadmill walking for 
a standard 90 min period. However, serum TAG levels were examined in 
the fasted state which represents an equilibrated state of lipid transport 
system in the circulation and thus fasting may not be a sensitive model to 
examine the TAG metabolic capacity (Patsch et ai., 1983). On the other 
hand, postprandial lipaemic state has been suggested to be very dynamic 
and sensitive to both changes in rates of appearance and disappearance of 
serum TAG and to interchanges which occur among various lipoproteins 
during this state. 
The importance of postprandial lipaemia is that recent case-control studies 
have demonstrated that postprandial serum concentrations of TAG are 
highly discriminatory in predicting the presence or absence of CAD (Groot 
et ai., 1991; Patsch et al., 1992). This observation is in keeping with the 
concept that atherogenesis is a postprandial phenomenon (Zilversmit, 
1979; Karpe et ai., 1994) related to a delayed clearance of TAG-rich 
lipoproteins from the circulation (Simpson et al., 1990; Katzel et al., 1994). 
Therefore, interventions which accelerate the clearance of serum TAG 
from the circulation may delay the development of atherosclerosis. 
An acute bout of prolonged exercise has already been shown to attenuate 
the serum TAG responses to a fatty meal (Cohen and Goldberg, 1960; 
Nikkila and Konttinen, 1962; Schlierf et ai., 1987; Hardman and Aldred, 
1995; Aldred et al., 1993; 1994). Little information, however, is available 
about the influence of the intensity of the exercise bout. Chinnici and 
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Zauner (1971) found no effect of mild (heart rate at 120 beats·min- 1) or 
strenuous walking (heart rate at 160 beats·min· 1) on the reduction of 
postprandial lipaemia. Another study (Burnett et al., 1993) reported that 
running for 90 min at 48% and 66% of V02max equally decreased the 
serum TAG responses following the fat load. 
The aim of the present study was to evaluate the effect of the two walking 
intensities (30 and 60% V02max) previously studied (Chapter IV), on 
postprandial serum lipid and lipoprotein concentrations. The fat meal was 
administered approximately 16 hours after the end of the exercise bout, so 
that, fat absorption and gastric emptying rates would be similar between 
exercise and control trials. In addition, as the previous study showed that 
the serum lipids remained depressed for at least 24 hours after exercise, it 
was expected that an exercise effect could be present despite the long 
interval between the fat meal and the exercise bout. 
5. 2. METHODS 
5.2.1. Subjects 
Twelve healthy normolipidaemic volunteers (6 men, 6 women) aged 
26.9±1.5 yrs (mean±SEM), BMI of 23.7±O.s kg'm-2 and V02max of 43.6±2.2 
ml·kg-1.m in-1 participated in the present study which had university 
ethical committee approvaL All were recreationally active, non-smokers 
and none was taking drugs known to affect lipid or lipoprotein or CHO 
metabolism. Their physical characteristics are presented in Table 5.1. 
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Table 5.1. Physical characteristics of the subjects (Mean:tSEM) 
AGE HEIGHT WEIGHT BMI V02MAX 
(years) (m) (kg) (kg·m·2) (ml·kg·l·min-1) 
MEN 29.5±2.5 1.74±O.OI 73.0±4.1 24.I±l.O 48.9±2.2 
(n=6) 
WOMEN 24.3±O.6 1.66±O.OI 64.1±2.4 23.2±O.4 38.3±2.5 
(n=6) 
ALL 26.9±1.5 1.70±O.01 68.6±2.7 23.7±O.5 43.6±2.2 
(n=12) 
5.2.2. Experim ental procedures and protocol 
5.2.2.1. Preliminary tests 
Each subject performed two preliminary walking tests on the treadmill 
(see, section 3.3.3.). In the first, V02max was determined during uphill 
walking at a constant speed (range 1.34-1.83 m·s· l ) using an incremental 
test to exhaustion (Taylor et al., 1955). The second was a submaximal, 
incremental uphill walking test to establish the steady state relationship 
between V02 and treadmill grade. From this relationship the grades 
needed to elicit 30% and 60% of each individual's V02max were 
interpolated and adopted for the subsequent 90 min walking tests. 
5.2.2.2. Ma i n tests 
Starting one week after the preliminary tests, each subject took part in 
three trials (low intensity walking, moderate intensity walking, control), at 
intervals of seven days, in a balanced design. Each trial was conducted over 
two days (Fig. 5.1.). 
On the afternoon of day 1, 90 min of treadmill walking was performed at a 
grade which elicited either 30% of V02max, i.e. low intensity (Ll), or 60% of 
V02max, i.e. moderate intensity (MO. The grades were 1.9±0.5% and 
10.9±0.7% for Ll and MI walking trials respectively. The treadmill speed 
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was the same for both trials for each subject (mean: 1.56±0.04 m·s- l with a 
range from 1.34 to 1.83 m·s- l). On the control trial subjects refrained from 
exercise on day 1. On day 1, subjects came to the laboratory 3 hours after 
their last meal. A venous blood sample was obtained by venepuncture 
immediately before the start of the exercise and at the comparable time on 
the control trial. During walking expired air samples, heart rate, ratings of 
perceived exertion and duplicate 20111 capillary blood samples were 
collected as previously described (3.3.4.2.). Water was provided ad libitum 
throughout exercise, the volume consumed being recorded. Body weight 
was measured at the beginning and at the end of each 90 min exercise bout. 
On the morning of day 2, Le. 16 (range 15-17) hours after the completion of 
the treadmill walking or rest, subjects came to the laboratory after an 
overnight fast for an oral fat tolerance test. A cannula was inserted into a 
forearm vein and, after a 10 min interval, a baseline fasting blood sample 
was obtained. A high fat test meal was then ingested within 15 min. 
Further blood samples were obtained hourly for the next six hours. 
Subjects were seated for at least 15 min when all the blood samples were 
taken. The cannula was kept patent by flushing with a small volume of 
normal (9 g·l-l), non-heparinised saline. During the observation period 
subjects rested quietly in the laboratory and only consumption of water (ad 
libitum), was allowed. The time and the volume consumed during the 
first trial were recorded and repeated during the next two trials. 
AFTERNOON 
DAY 1 
EXERCISE OR 
REST 
2.30 pm 4.00pm 
t 
t Venous sample 
MORNING DAY 2 
MEAL 
I 
t t t t 
Baseline 1 2 3 4 5 
HOURS POSTPRANDIAL 
Fig. 5.1. The schematic presentation of the protocol of the study 
t 
6 
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The test meal was given according to bo9,y mass 0.28 g fat, 1.44 g 
carbohydrate and 0.21 g protein per kg body mass) and consisted of 
whipping cream, cereal, fruits, chocolate, coconut, sultanas and nuts (see, 
section 3.4.). The energy value of the meal and the amount of protein, 
carbohydrate and fat ingested are given in Table 5.2. Of the total energy of 
this meal, 64%, 32% and 5% was derived from fat, CHO and protein, 
respectively. Although two of the subjects could not finish the meal 
entirely and most of them found it too much to be consumed, the meal 
was generally well tolerated by all subjects without any sign of nausea or 
other gastrointestinal discomfort. 
Table 5.2. Total amount of energy, protein, carbohydrate and fat 
ingested with the test meal for men (n=6), women (n=6) and all the 
subjects participated in the present study. (Mean±SEM) 
MEN 
WOMEN 
ALL 
ENERGY 
kJ 
5472±270 
4876±186 
5175±180 
PROTEIN 
g 
15.3±O.8 
13.6±0.5 
14.4±0.5 
CHO 
g 
102.4±6.2 
92.3±3.5 
97.3±3.7 
FAT 
g 
92.5±4.6 
82.5±3.1 
87.5±3.1 
Subjects weighed and recorded the food and drink consumed for the three 
days prior to the first fat tolerance test and replicated this diet for the same 
period during the other two trials. No exercise (other than the treadmill 
walk) was performed for the three days prior to each fat tolerance test. 
5.2.3. Analytical methods 
Collection of the expired air samples was made using the Douglas bag 
method as previously described (section 3.5.1.). From the expired air 
samples, the Y02, YC02 and the R values were determined. 
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Venous blood samples (~10ml) were collected into non-heparinised tubes. 
Aliquots of whole blood were collected for the determination of 
haemoglobin concentration and haematocrit on day 1. Haematocrit and 
haemoglobin concentrations were also measured before and after each oral 
fa t tolerance tes t in order to estima te changes in plasma volume (Dill and 
Costill, 1974). Capillary blood samples obtained during exercise were 
analysed for blood lactate concentration (Maughan, 1982; APPENDIX AI). 
Remaining blood was allowed to clot for 1 hour at room temperature 
before being centrifuged. Serum was then separated into small aliquots 
and was stored at -70 oC until analysed for TC, TAG, glucose and FFA 
concentrations (APPENDICES A3, A4, AS and A6 respectively). Serum insulin 
concentration was also determined at baseline, 1, 2, 4 and 6 hours after the 
consumption of the test meal as described at APPENDIX A7. 
Further, a 1 ml aliquot of serum was stored at 4 oC prior to selective 
precipitation (within 5 days) for the determination of cholesterol in HDL 
and subfractions (Gidez et al., 1982; APPENDIX A2 and A3). The serum 
concentration of HDL2-C was calculated as HDL-C minus HDL3-C whereas 
LDL-C and VLDL-C were calculated for the baseline blood sample only 
using the Friedwald formula (APPENDIX D3). 
All the samples were analysed in duplicate using a centrifugal analyser 
(Cobas-Bio, Roche) and samples of each subject from all trials were 
measured on the same analyser run, whenever possible. Accuracy and 
precision for the above assays were maintained by using throughout 
quality control sera (see APPENDICES A2-A7 for each assay separately). 
Phenotypes of apoprotein E were determined by isoelectric focusing using 
Western blot techniques (APPENDIX A9). 
Dietary patterns were analysed for the three days prior to each fat tolerance 
test and for the rest of the day following each 90 min of walking or rest, as 
described at section 3.3.5. 
5.2.4. Statistical analysis 
It is known that the TAG responses following the consumption of a fatty 
meal present considerable inter-individual variation with regard to both 
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the degree and the time (Patsch et aI., 1983). Therefore, postprandial 
lipaemia was calculated using four "summary measures" or indices, as 
they describe the individual response better than the average values at 
each sampling point for the whole group (Matthews et al., 1990). 
According to this, the responses of each individual subject are used to 
calculate a single number which summarises some aspect of that subject' s 
response curve. The following indices of lipaemia were used to assess the 
subject's postprandial TAG responses: (i) the incremental lipaemic 
response, i.e. the area under the TAG-time curve normalised to the zero 
hour and calculated using the trapezoidal rule (APPENDIX 04), (ii) the total 
lipaemic response, i.e. the whole area under the TAG-time curve (not 
normalised to zero hour, APPENDIX 04), (iii) the peak TAG concentration 
and (iv) the maximal TAG increase, calculated as the mean of the two 
highest TAG concentrations minus the baseline TAG concentration 
(Pats ch et al., 1983). Using the same method, both the incremental and 
total areas under the insulin-time curve were calculated. 
Statistical comparisons between the three trials (LI, MI and control) in 
changes over time for various metabolic, lipid and cardiorespiratory 
parameters were made using analysis of variance (ANOVA). Despite the 
small number in each sex, an unpaired t-test was performed in order to 
compare the triacylglycerolaemic responses to the meal between men and 
women. Where significant F ratios were found, the means were compared 
using the Tukey post hoc test. Values are presented as mean ± standard 
error of the mean (Mean±SEM). 
5.3. RESULTS 
5. 3. 1. Cardiorespiratory and metabolic responses during 
e xe rcise 
The average oxygen uptake values (Table 5.3.) during the 90 min of 
walking performed on day 1 at the LI and MI trials represented 30.9±0.8% 
and 61.0±1.0% of \102max respectively (p<0.01). There was a significant 
increase for \102 in the MI trial as the time of walking was progressed, 
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values at the first three collections being lower (p<O.Ol) than the values at 
the last two collections. 
Table 5.3. Average values for oxygen uptake (V02), heart rate (HR), 
rating of perceived exertion (RPE), carbohydrate (CHO) and fat 
oxidised per min during low (LI) and moderate (MI) intensity walking 
trials. (Mean:tSEM) 
LI 
MI 
\102 
ml' kg-l. min-l 
13.2±O.9 
26.1±1.7· 
HR 
beat· min- l 
lO2±2 
149±3' 
RPE 
8.6±O.4 
12.2±O.S· 
CHO 
g'min- l 
O.6±O.1 
1.6±O.2· 
• p< 0.01 from low intensity walking trial 
FAT 
O.21±O.03 
O.28±O.07 
The average values of heart rate, rating of perceived exertion (Table 5.3.) 
were higher (p<O.Ol) during the MI than during the LI exercise. 
Furthermore, the respiratory exchange ratio (Fig. 5.2.) was higher (p<0.05) 
in the MI than LI trial, averaging 0.87±0.02 at the LI and 0.91±0.02 at the MI 
trials (p<0.05). The R values at the 75th and 90th min were lower (p<0.05) 
than those obtained during the first three collections for both intensities. 
Moderate intensity walking resulted in a higher CHO oxidation rate 
(p<O.Ol) and energy expenditure (3470±314 kJ vs 1727±139 kJ, p<O.Ol) but 
not in a higher fat (NS) oxidation rate compared to the low intensity 
walking trial (Table 5.3.). 
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Fig. 5.2. Respiratory exchange ratio* during the low (D) and moderate 
(.1) intensity walking trials. (Mean±SEM) * p<O.05 mean values of 
moderate from low intensity trial 
Blood lactate concentration increased (p<O.05) above baseline at both 
intensities; however, values during the MI trial were significantly higher 
compared to LI trial (Fig. 5.3.). 
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Fig. 5.3. Blood lactate concentration before and during the low (D) and 
moderate (.1) intensity walking trials. (Mean±SEM) *p<O.Ol from Ll 
trial 
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5.3.2. Serum concentratiolls 011 day 1 
Serum lipid, lipoprotein and glucose concentrations in the venous blood 
sample taken on day 1, before the walking or rest, did not differ between 
the three trials (Table 5.4.), indicating that dietary and exercise patterns 
were well standardised. Neither did haematocrit (43±2%, 43±1 % and 
42±1 % for control, LI and MI trials respectively) and haemoglobin (14.7±O.6 
g·dl- l , 14.B±O.6 g·dl- l and 14.5±0.5 g·dl- l for control, LI and MI trials 
respectively) concentrations. 
Table 5.4. Serum triacylglycerol (TAG), total cholesterol (TC), high 
density lipoprotein cholesterol (HDL-C), HDL2-cholesterol (HDL2-C) 
and glucose concentrations on day 1 for control (C), low (Ll) and 
moderate (Ml) intensity trials. (Mean±SEM) 
ca 1.15±O.16 
u 1.03±O.12 
1.04±O.15 
a: n=9; b: n=l1 
4.42±O.21 1.52±O.11 
4.5O±O.17 1.63±0.10 
4.53±O.16 1.56±O.1O 
HDL2-C 
(mmol·r1) 
0.45±O.06 
0.47±O.07 
0.47±O.OS 
5.3.3. Fastillg serum collcelltratiolls all day 2 
Glucose 
(mmol·r1) 
4.39±O.27 
3.9S±O.13 
4.17±O.17 
Fasting serum concentrations from the baseline sample taken on the 
morning of day 2 are presented in Table 5.5. No significant differences 
were observed between trials apart from the calculated LDL-C 
concentration which was lower (p<O.05) in the MI compared to the control 
trial. Additionally, an one way ANOVA test showed that the fasting TAG 
value in the MI trial was 21 % lower (p<O.05) than the control trial (Table 
5.5.). 
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Table 5.5. Fasting serum lipid, lipoprotein, glucose and insulin 
concentrations for the low intensity, moderate intensity and control 
trials. (Mean±SEM) 
Low Moderate Control 
Values intensity intensity 
TAG O.60±O.O7 O.54±O.OS * O.68±O.OS 
TC 4.24±O.17 4.1S±O.lS 4.26±O.16 
HDL-C l.S8±O.11 l.S7±O.09 l.S4±O.09 
HDL2-C OA3±O.07 O.48±O.O7 O.50±O.O6 
Glucose 4.19±O.O9 4.04±O.13 4.22±O.O6 
FFA O.S9±O.06 O.68±O.O8 OA9±O.06 
LDL-C 2.93±O.16 2.83±O.16 * 3.02±O.lS 
VLDL-C O.27±O.O3 O.2S±O.02 O.31±O.O2 
Insulin 6.54±OAO 6A7±O.44 7.38±O.26 
* p<O.OS from control trial (one way ANOVA) 
All values are expressed in mmol-l-1 apart from insulin in IlU·ml-1 
5.3.4. Serum responses after the ingestion of the meal 
Changes in plasma volume during the period of the fat tolerance tests did 
not differ between trials (-1.8±2.5%, -1.9±1.1 % and -2.6±1.1 % for control, LI 
and MI trials respectively), and therefore serum lipid, lipoprotein, glucose 
and insulin concentrations were not adjusted. 
Serum TAG concentration increased significantly after the ingestion of the 
meal in all the trials, reaching a peak after 2 to 4 hours and remaining 
elevated throughout the 6 hour observation period (Fig. SA.). The indices 
of postprandial lipaemia (Fig. 5.5.) were significantly lower (26-32%) in the 
MI trial than in the control trial. These indices were 9%-16% lower for the 
LI than for the control trial, but these differences were not significant. 
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Fig. 5.4. Serum triacylglycerol concentration before (0 hour) and after 
(1-6 hours) the ingestion of the meal in the control (0), low (D) and 
moderate (.1) intensity trials. (Mean±SEM) 
No significant changes over time were found between the three trials in 
either total cholesterol, or HDL and HDL2 cholesterol after the 
consumption of the test meal (Table 5.6.). Serum TC concentration 
increased (p<O.Ol) from baseline soon after the ingestion of the meal and 
remained elevated (p<O.Ol) for the whole 6-hour observation period in all 
the trials. On the other hand, HDL-C concentration increased (p<O.05) as a 
result of the meal ingestion towards the last three hours in the MI and LI 
trials, while a non significant increase was found for the control trial. 
Serum HDL2-C concentration followed a different pattern to that observed 
for HDL-C. Therefore, it increased (p<O.05-0.01) 2 to 3 hours after the meal 
in all the trials and remained elevated until the end of the 6-hour 
observation period during the MI trial only. 
Serum concentrations of FFA, insulin and glucose in the fasted and 
postprandial state are presented in Fig. 5.6. There were no significant 
differences in change over time between the three trials in the FF A and 
glucose responses. FFA concentration dropped (p<O.Ol) from baseline in 
the first two hours following the ingestion of the meal and increased 
(p<O.Ol) above fasting levels in the last 2 hours in all the trials. 
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Fig. 5.5. Incremental and total areas under the triacylglycerol-time 
curve (top) and peak triacylglycerol (TAG) concentration and maximal 
triacylglycerol (TAG) increase (bottom) in the control, low and 
moderate intensity trials. (Mean±SEM) * p<O.05 from control trial 
Postprandial serum insulin concentration (Fig. 5.6.) at the 1 hour was 44% 
and 27% lower (p<0.05) for the MI and control trials respectively than for 
the LI trial whereas it was 38% lower in the MI trial 2 hours after the 
ingestion of the meal compared to the control trial. In all the trials, serum 
insulin concentration increased (p<O.Ol) above baseline during the first 
two hours after the consumption of the meal and returned towards fasting 
levels by 4 hours. Calculation of the incremental and total areas under the 
insulin-time curve (Fig. 5.7.) showed a significant difference between the 
two exercise trials only. 
Table 5.6. Serum concentrations of total cholesterol (Te), high density lipoprotein cholesterol (HDL-C) and HDL2-e after 
the ingestion of the test meal in the control (e), low (L1) and moderate (MI) intensity trials. (Mean±SEM) 
, 
Values 1 hour 2 hours 3 hours 4 hours 5 hours 6 hours 
TC C 4.46±O.15 4.4l±O.16 4.3S±O.20 4.4S±O.17 4.44±O.16 4.45±O.lS 
(mmol·l-1) U 4.35±O.19 4.29±O.19 4.47±O.19 4.41±O.19 4.50±0.20 4.49±O.19 
MI 4.29±O.15 4.29±O.15 4.32±O.15 4.42±O.16 4.39±O.17 4.43±O.16 
HDL-C C 1.60±0.O9 1.57±O.11 1.57±O.10 1.59±O.O9 1.5S±O.1O 1.60±O.1O 
(mmoH-l) U 1.63±O.12 1.60±O.11 1.63±O.11 1.63±O.11 1.65±O.11 1.66±O.11 
MI 1.60±0.11 1.62±O.10 1.62±O.10 1.67±O.10 1.67±O.10 1.6S±O.OS 
HDL2-C C O.55±O.O7 O.54±O.O7 O.57±O.O7 O.57±O.O7 O.56±O.OS O.54±O.O7 
(mmoH-l) IJ O.51±O.O7 O.49±O.O7 O.52±O.OS O.54±O.O7 O.52±O.O7 O.51±O.O7 
MI O.54±O.O7 O.56±O.O7 O.56±O.O7 O.5S±O.07 O.57±O.OS O.56±O.O7 
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Fig. 5.6. Serum free fatty acid (FFA), insulin* and glucose 
concentrations before and after the ingestion of the meal in the control 
(0), low (D) and moderate (.1) intensity trials. (Mean±SEM) *p<O.05 
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Fig. 5.7. Incremental and total areas under the insulin-time curve in the 
moderate, low intensity and control trials. (Mean±SEM) * p<O.OS from 
moderate intensity trial 
5.3.5. Lipid responses before and after the ingestion of the 
rn eal in rn ell and worn en 
Serum concentrations of TC, FFA and HDL2-C of men and women are 
presented in Table 5.7. No differences were found in indices of 
postprandial lipaemia (Table 5.8.) between men and women. Five out of 
six men had a lower lipaemic response in the MI compared to the control 
trial whereas one man exhibited a lower response in the LI compared to 
the control trial. Three out of six women showed a greater attenuation in 
the lipaemic response to the meal in the MI compared to the control trial, 
two out of six had a lower lipaemic response in the LI than the control 
trial whereas one out of six experienced a lower response in the control 
trial compared to the two exercise trials. Fig. 5.8. and Fig. 5.9. are presented 
the fasting and postprandial serum concentrations of HDL-C and TAG 
respectively for men and women subjects who participated in the present 
study. 
Apolipoprotein E phenotyping for men and women is showed in Table 
5.9. 
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Fig. 5.B. Serum high density lipoprotein cholesterol (HDL-C) 
concentration in men (left, n=6) and women (right, n=6) in the control 
(0), low (D) and moderate (,1) intensity trials. (Mean±SEM) 
TAG 
2.00 
1.50 
LOO 
0.50 
0.00 
(mmol·I· I) 
o 1 2 345 
TIME (hours) 
1 
6 
TAG (mmol,!,l) 
2.00 
1.50 T 
1.00 
0.50 
0.00 
o 1 234 5 6 
TIME (bours) 
Fig. 5.9. Serum triacylglycerol (TAG) concentration in men (left, n=6)· 
and women (right, n=6) in the control (0), low (D) and moderate (,1) 
intensity trials. (Mean±SEM) 
Table 5.7. Serum concentrations of total cholesterol (TC), free fatty acid (FFA) and high density lipoprotein2 cholesterol 
(HLD2-C) in the fasting and postprandial state in the control (C), low (L1) and moderate (MI) intensity trials in men (n=6) and 
women (n=6) who participated in the study. (Mean±SEM) 
FASTING POSTPRANDIAL PERIOD 
Values 1 hour 2 hours 3 hours 4 hours 5 hours 6 hours 
MEN 
TC C 4.06±O.14 4.1S±0.14 4.26±0.19 4.1StO.12 4.23tO.17 4.24±0.19 4.24tO.20 
(mmol·r1) LI 4.03tO.20 4.17±0.16 4.07tO.13 4.34tO.19 4.19tO.22 4.33±0.20 4.27tO.1S 
MI 4.00±0.lS 4.06tO.1S 4.0S±0.17 4.12±0.20 4.1S±0.21 4.17±0.21 4.26±0.23 
FFA C 0.6l±0.OS 0.26tO.04 0.39±0.04 0.4StO.06 0.49±0.04 0.59tO.06 0.66tO.06 
(mmoH-1) LI 0.65±O.04 0.30±0.06 0.36tO.04 0.44tO.07 0.52tO.OS O.Sl±O.OS 0.S9±O.06 
MI 0.S6±O.11 0.36±0.09 0.4l±0.06 0.47±0.07 0.47tO.06 O.5S±O.04 0.7S±0.04 
HDL2-C C 0.33±O.06 0.36tO.07 0.37tO.06 0.39±0.OS 0.3StO.07 0.37±0.OS 0.36±O.07 
(mmol·r1) LI 0.24±O.04 0.31±O.03 0.3l±0.02 0.33tO.04 0.33±0.02 0.3l±0.02 0.32±O.02 
MI 0.39±O.09 0.44±0.10 0.4StO.11 0.43tO.1l 0.4StO.1l O.4S±O.ll 0.44±O.10 
WOMEN 
TC C 4.4S±O.29 4.73±0.34 4.5StO.29 4.SS±0.30 4.73tO.31 4.63±0.30 4.67±O.29 
(mmol·r1) LI 4.46±O.27 4.S4tO.3S 4.SO±O.3S 4.60±0.34 4.63tO.2S 4.6StO.34 4.72±0.31 
MI 4.30±0.22 4.S3tO.23 4.SO±O.23 4.51±0.24 4.65tO.2S 4.61±0.23 4.60±0.20 
FFA C 0.37±O.02 0.26±0.04 0.39tO.03 0.39±0.OS 0.44tO.07 0.67±0.06 O.Sl±O.OS 
(mmol·r1) LI 0.53±0.1l 0.29tO.OS 0.3S±0.03 0.43tO.05 0.46±0.OS 0.69tO.OS 0.72±O.07 
MI 0.54±O.07 0.2StO.03 0.4S±0.06 O.SO±O.06 0.51±0.05 O.5S±O.05 O.70±0.OS 
HDLZ-C C 0.67±O.06 0.73±0.06 0.72±0.05 0.74tO.06 0.76±0.06 0.7StO.07 0.73±O.06 
(mmol-l-1) LI 0.62±O.OS 0.71±0.07 O.66tO.ll 0.71tO.10 0.76tO.06 0.72±0.06 0.70±0.06 
MI 0.SS±O.09 O.64±O.OS 0.66tO.07 0.6StO.07 0.71±0.06 0.70±0.OS 0.6S±0.07 
...... 
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Table 5.8. Incremental and total areas under the triacylglycerol (TAG) -
time curve, peak TAG concentration and maximal TAG increase in men 
(n=6) and women (n=6) for control (C), low (LI) and moderate (MI) 
intensity trials. (Mean±SEM) 
Incremental area Total area peak TAG max TAG increase 
(mmol·r1·h) (mmol·r1.h) (mmolrl) (mmoH·1) 
MEN 
C 3.19±O.39 7.88±O.69 1.67±O.15 O.80±O.1D 
LI 2.90±O.44 7.16±1.21 1.55±O.23 O.78±O.11 
MI 2.06±O.37 5.57±O.82 1.14±O.20 O.50±O.10 
WOMEN 
C 3.41±O.96 6.93±1.24 1.50±O.30 O.84±O.24 
LI· 2.73±O.44 5.33±O.75 1.30±O.14 O.72±O.12 
MI 2.49±O.42 S.4S±O.60 1.18±O.16 O.62±O.13 
Table 5.9. Apolipoprotein E phenotyping for men (n=6) and women 
(n=6) volunteers who participated in the study 
2-3 3-3 4-3 
MEN o 5 1 
WOMEN o 4 2 
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5.3.6. Dietary analysis 
The dietary analysis was performed in ten out of twelve subjects as two 
subjects did not return their dietary sheets. The average energy, protein, 
CHO and fat in'take for the three days prior to each fat tolerance test is 
presented in Table 5.10. No significant differences were observed in the 
above food intake values as well as in the percentages of energy derived 
from fat and CHO (control: 33.1±2% and 50.2±3%; LI: 33.7±2% and 50.3±3%; 
MI: 34±2% and 49.9±3% respectively). 
Dietary patterns were also analysed for the period in Day 1 after the end of 
the two walking sessions or rest. This dietary analysis showed that there 
was no significant difference in the nutrient intake between the three 
trials (Table 5.10.) and the percentages of energy derived from fat and CHO 
(control: 29.9±2% and 50.1±3%; LI: 33.9±3% and 45.8±3%; MI: 32.7±3% and 
47.7±3% respectively). 
Table 5.10. Daily total amount of energy, protein, carbohydrate (CHO) 
and fat intake for the 3 days (average) prior to each fat tolerance test 
and for the period (approximately after 5.00 pm) following the end of 
the low (Ll) and moderate (Ml) intensity walking trials or rest in the 
control trial. (Mean±SEM, n=lO) 
ENERGY 
kJ 
Average of 3 days 
U 
MI 
C 
10902±1180 
10584±1159 
10501±1222 
PROTEIN 
g 
102±16 
102±16 
101±16 
Remainder of the day after walking or rest 
U 
MI 
C 
5794±1113 
5594±1146 
5112±1213 
99±16 
67±18 
62±18 
CHO 
g 
342±35 
337±33 
328±35 
161±28 
161±27 
149±29 
FAT 
g 
101±15 
101±14 
96±15 
55±14 
51±14 
45±15 
5.3.7. Correlatiolls 
Significant positive correlations were found between the fasting TAG 
concentration and (i) the total (r=0.93, 0.86 and 0.77 for LI, MI and control 
trials respectively, p<O.OS) and the incremental areas under the TAG-time 
curve (r=0.6S for LI, p<O.OS) and (ii) the peak TAG (r=0.87, 0.73 and 0.70 for 
LI, MI and control trials respectively, p<O.OS). Further, a negative 
relationship was observed between serum fasting TAG and HDL2 
cholesterol concentration in the control trial (r=-0.S9, p<O.OS). 
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A negative correlation was found between the total area under the T AG-
time curve and the fasting HDL2 cholesterol (r=-0.57 in MI trial, p<O.OS) 
whereas the fasting HDL3 cholesterol was positively related to the 
incremental area under the curve (r=0.57 and 0.73 for MI and control trials 
respectively, p<O.OS). No significant relationships were found between 
HDL cholesterol and indices of lipaemia. 
In the fasted state, serum insulin concentration was inversely related to 
HDL-C (r=-0.60 for MI trial, p<O.OS) and to HDL3 cholesterol (r= -0.70 and 
-0.88 for LI and MI trials respectively, p<O.OS). BMI was directly related to 
serum fasting TAG concentration (r=0.70 and 0.64 for LI and MI trials 
respectively, p<O.OS). 
In men, fasting serum TAG concentration was strongly correlated (r=0.7S-
0.99, p<O.OS-O.Ol) with both incremental and total areas in all the trials, 
whereas in women fasting TAG was correlated with the total area only 
(r=0.7S-0.79, p<O.OS). No correlations were found between incremental 
areas and fasting HDL-C or HDL2-C, and fasting TAG with fasting HDL-C 
or HDL2-C in men. The only significant correlation for women was 
observed between the fasting TAG and HDL2-C at LI trial (r=-0.79, p<O.OS) 
and between the incremental area and the fasting HDL2-C at MI trial (r=-
0.88, p<O.Ol). 
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5.4. DISCUSSION 
The main finding of the study was that the magnitude of postprandial 
lipaemia was significantly attenuated when a prolonged bout (90 min) of 
moderate intensity (61 % V02max) treadmill walking was performed 16 
hours prior to the ingestion of a high fat meal. When the intensity of 
walking was 31 % V02max such an effect was not evident. 
In the present study, total serum TAG concentration was used in order to 
determine the magnitude of postprandial lipaemia, without any attempt 
to quantify the origin of TAG from the intestine (chylomicrons) and the 
liver (VLDL). However, based on other studies which have measured the 
two molecular forms of apo B (Karpe et aI., 1993; Cohn et aI., 1993; 
Schneeman et al., 1993), it could be speculated that in the present study 
both the intestinally and hepatically derived TAG-rich lipoproteins have 
made a significant contribution to postprandial triacylglycerolaemia. In 
addition, evidence exists to show that during the administration of fat 
loads similar to that ingested in the present study (~100 g), the 
contribution of TAG from chylomicrons may be twice as great as that of 
TAG from VLDL (Cohn et al., 1993; Lewis et al., 1973). 
During an oral fat tolerance test, several factors control the concentration 
of serum TAG in the circulation, i.e. the rate of fat absorption and the rate 
of appearance and disappearance of TAG-rich lipoproteins. None of the 
above factors has been measured in isolation, but apparently neither is 
constant throughout the whole postprandial period. Although a decreased 
rate of appearance cannot be ruled out because the methodology of the oral 
fat tolerance test preclude this, rates of digestion and absorption of the fat 
were unlikely to differ between trials with such a long interval between 
exercise and the ingestion of the meal. In addition, some of the factors that 
are known to influence the rate of gastric emptying and intestinal 
absorption of fat were held constant between trials. Therefore, the amount 
• 
and type of fat ingested was the same for each subject in the three trials; 
the amount of water consumed was controlled and all the subjects rested 
quietly during the postprandial period. In addition, none of the subjects 
showed signs of fat malabsorption. A previous study (Aldred and 
Hardman, 1993), has shown that the increases in serum postprandial TAG 
were reproducible when the same fat meal (also used in this study) was 
administered again on another day. 
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Therefore, it can be argued that the present study examined the effect of 
exercise on disappearance rate of TAG, and that the effect of MI in 
attenuating the postprandial rise in TAG was apparently due to an 
accelerated rate of removal of TAG-rich lipoproteins from the circulation. 
There are two main sites of TAG removal from the circulation: peripheral 
(muscle and adipose tissue) and hepatic. A key mechanism for an 
enhanced uptake of TAG by peripheral tissues is an increased activity of 
the enzyme LPL, stimulated by exercise (Lithell et al., 1981a; 1984; Kantor et 
a/., 1984; 1987; Gordon et a/., 1994; Sady et al. 1986; Terjung et al., 1983). In 
the fasting state, the enzyme activity per unit weight has reported to be 
considerably lower in skeletal muscle than that found in adipose tissue 
(Borensztajn, 1987). However, because a large portion of the body mass is 
made up from slow twitch muscle fibres, the contribution that this tissue 
makes to the removal of TAG-rich lipoproteins from the circulation can 
be equal to or greater than that of adipose tissue (Borensztajn, 1987). This is 
in line with several studies that have showed that the TAG uptake from 
the circulation is highly related to the muscle LPL activity (Terjung et al., 
1983; Tan et a/., 1977; Linder et al., 1976; Lithell et al., 1978b). Most of the 
studies that have measured the LPL activity in the long term recovery 
after exercise, have reported a significant increase in either the skeletal 
muscle (Lithell et al., 1981a; 1984; Jacobs et al., 1981; Seip et al., 1995) or in 
the plasma (Kantor et al., 1984; 1987; Sady et al., 1986) LPL activity. On the 
other hand, there are only a few studies that have measured the LPL 
activity in adipose tissue. These studies found an increase in its activity 
immediately after exercise, its increase being much less remarkable than 
that in the skeletal muscle (Taskinen et al., 1980; Lithell et al., 1979; Savard 
et al., 1987). 
In the light of the above studies, it may be reasoning that an elevated LPL 
activity occurred predominately in the skeletal muscle during the 
postexercise recovery period in the current study. Additional evidence for 
the proposal that LPL activity was elevated in muscle tissue during the MI 
trial may come from the serum insulin concentration measured in the 
present study. Previous studies have shown that insulin has a regulating 
effect on LPL activity in both adipose tissue and skeletal muscle (Eckel, 
- - - -- -------
1987; Kiens et ai., 1989). Therefore, a low insulin response enhances the 
activity of this enzyme in the skeletal muscle whereas it down-regulates 
the activity in adipose tissue (Lithell et al., 1978a; 1982). Although the same 
meal was ingested in all three trials, concentrations of both serum TAG 
(for 6 hours) and insulin (during the first 2 hours after the meal) were 
lower in the MI trial than in the control trial. This is consistent with the 
suggestion that the main site of TAG removal in the MI trial was probably 
the skeletal muscle, due to the opposite effect of insulin on muscle and 
adipose tissue LPL activity. 
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An increased rate of TAG fatty acid uptake provides the exercising muscles 
with substrates to replenish their intramuscular TAG stores that have 
been utilised during exercise (Nikkila, 1987), particularly in the slow 
twitch oxidative fibres (Linder et ai., 1976). Although the estimated total fat 
utilisation during the 90 min of walking was not significantly different 
between two intensities (19 g at LI vs 25 g at MO, the relative contribution 
from peripheral and intramuscular lipolysis was possibly different, on the 
basis of recent tracer studies. Romijn et al. (1993) showed that exercise at 
65% V02max was accompanied by a greater intramuscular lipolysis than 
exercise at 25% V02max which was fuelled predominantly from plasma 
FFA. Therefore, intramuscular TAG stores that have been utilised during 
the MI trial may have been restored in the recovery period, and this was 
reflected by the decreased serum TAG concentration. There is also the 
possibility that the oxidation of FFA originating from the hydrolysis of 
circulating TAG was enhanced in the skeletal muscle in the MI exercise 
trial, but no data are available from the present study to support this 
suggestion. 
The major aim of the present study was to examine the effect of exercise 
intensity on postprandial lipaemia and the results clearly showed that 
lipaemia was attenuated significantly after the moderate intensity exercise 
bout but not after the low intensity one. Although a number of studies, 
using a variety of methodologies, have shown that exercise attenuates 
postprandial lipaemia (Aldred et al., 1993; 1994; Sady et al., 1986; Annuzi et 
al., 1987) few have examined the role of exercise intensity. Chinnici and 
Zauner (1971) examined the effect of walking for 20 min at a heart rate of 
120 beats·min-1 soon after the ingestion of a meal, with a similar period of 
walking at a heart rate of 160 beats·min-1 and found that neither 
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influenced lipaemia. The low fat utilisation and energy expenditure of the 
exercise bouts employed in this study may explain the lack of any effect of 
exercise intensity on lipaemia. Burnett et al. (1993) found that 90 minof 
running performed at 48% or 66% V02max 15 min before the ingestion of a 
meal diminished the subsequent TAG responses to a similar degree 
(compared with a control trial). The smaller difference, however, between 
the two intensities employed in this last study (48% vs 66% V02max) in 
relation to the present one (31 % vs 61 % V02max) could possibly explain 
why lipaemia was equally reduced in the former study after both exercise 
intensities in contrast to the present one. 
Observations from the present study may also indicate that LPL activity is 
influenced by the exercise intensity since, it was found that 
triacylglycerolaemia was significantly attenuated after the MI trial but not 
after the LI trial. Despite the well known and long lasting exercise induced 
elevation in LPL activity (Kantor et aI., 1984; 1987; Lithell et aI., 1981a; 
1984), the effect of the exercise intensity on its activity still remains unclear 
at least in humans. Budohoski (1985) showed a strong positive effect 
(r=0.84) of intensity (reflected by the speed of running) on the heparin 
releasable muscle LPL in dogs. In support of a similar effect in humans, 
Lithell et al. (1981a) found that the degree of muscle LPL elevation was 
related to the degree of effort (i.e. exercise intensity), and Gordon et al. 
(1994) showed that the increase in LPL activity tended to be twice as great 
24 hours after the higher exercise intensity compared with the lower one 
(27% vs 13%, NS). Since there is a limited evidence in this area, more 
studies are needed in order to investigate the effect of exercise intensity on 
plasma and mainly on skeletal muscle LPL activity, in humans. 
The rate of removal of TAG-rich lipoproteins by the peripheral tissues 
may influence the concentration of hepatically derived TAG in the blood. 
Both chylomicron-TAG and VLDL-TAG are increased after the ingestion 
of a fat load, but chylomicrons are cleared in a more rapid rate leading to a 
more pronounced accumulation of VLDL-TAG particles in the circulation. 
Potts et al. (1991) found that chylomicron-TAG was the preferred substrate 
for muscle LPL in relation to VLDL-TAG during the postprandial period. 
This happens because chylomicrons are larger particles, and in this way 
they associate with a larger number of LPL molecules at the surface of the 
capillary endothelium (Potts et aI., 1991), leading to a VLDL-TAG 
113 
accumulation in the circulation. Furthermore, several studies (Nestel, 
1964; Grundy and Mok, 1976; Brunzell et al. 1973) have suggested that 
TAG-rich lipoproteins of endogenous and exogenous origin compete for a 
common, saturable plasma TAG removal system related to LPL activity. 
Thus, a larger endogenous pool results in a less efficient catabolism of 
newly absorbed TAG-rich lipoproteins and thus a greater postprandial 
lipaemia. This observation has been verified by several studies that have 
found strong correlations between the fasting and postprandial TAG 
concentrations (Patsch et a/., 1983; 1987; Kashyap et al., 1983; Weintraub et 
a/., 1987a; 0' Meara et al., 1992; Potts et al.;-1994). In the present study, the 
fasting (which reflects the endogenous pool) and the postprandial TAG 
concentrations were lower in the MI than in the control trial. In addition, 
serum fasting TAG concentration was strongly correlated with the degree 
of lipaemia. Assuming the above competition/mechanism, the control 
trial may have resulted in an accumulation of VLDL-TAG particles (as 
reflected by the higher total serum TAG concentration) whereas the 
moderate exercise bout may have improved the clearance of both 
chylomicrons and VLDL (as reflected by the lower serum TAG 
concentration). 
In the present study, it was found that the postprandial insulin response 
was lower (p<0.05) after the MI trial compared to LI and control trials, 
despite serum glucose concentration being not significantly different 
between trials. This observation is not surprising since several studies 
have reported that the serum insulin response to a glucose load, 14-48 
hours after a single bout of moderate exercise intensity (60-70% of 
V02max), was blunted, indicating that tissue (Le. skeletal muscle) 
sensitivity to insulin had increased (Le Blank et al., 1981; Heath et al., 1983; 
Mikines et aI., 1988). Both incremental and total areas under the insulin-
time curve were significantly lower than 11 in the MI trial, "indicating an 
effect of exercise intensity in serum insulin concentration. There is limited 
evidence in this area, but a few studies (Young et aI., 1989; Shriver et al., 
1993; Braun et al., 1995) have showed that either low or high intensity 
exercise bouts were able to improve to a similar degree insulin sensitivity, 
which was in contrast to the present findings. 
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Another factor that may have influenced the attenuation of postprandial 
lipaemia could be related to the energy expended during the MI exercise 
bout. Energy expenditure depends on both the intensity and the duration 
of the exercise bout. In the present study, the duration of both exercise 
trials was the same (90 min) but due to its higher intensity the MI trial 
resulted in an energy expenditure which was twice as great compared with 
the LI trial (3470±314 kJ vs 1727±139 kJ, p<0.05). As the energy intake was 
similar in the three trials for the period after the end of the walking, 
different energy expenditure rates would have resulted therefore in 
differences in energy deficit. Previous studies have shown that basal 
metabolic rate may remain elevated for several hours after an exercise 
bout (Hermansen et al., 1984; Bielinski et al., 1985). An increased basal 
metabolic rate for the rest of the day following the MI trial, may have 
resulted in an increased fat oxidation (Bahr et al., 1987; Maehlum et al., 
1986) after the meal which could have influenced the TAG metabolism. 
However, little information exists about the effect of energy expenditure 
during exercise on postprandial lipaemia which needs further 
investigation. 
In summary, the present study showed that 90 min of walking at a 
moderate exercise intensity attenuated the increase in serum TAG levels 
when a fat meal was ingested 16 hours later. An enhanced LPL activity and 
thus uptake of TAG particles by skeletal muscle tissue may be a plausible 
explanation of the above findings. A similar reduction in TAG was not 
evident when a low intensity exercise bout was performed, indicating that 
TAG responses are dependent on the intensity of the exercise bout. 
CHAPTER VI 
THE INFLUENCE OF ENERGY EXPENDITURE OF 
WALKING ON THE LlPAEMIC AND METABOLIC 
RESPONSES TO A FATTY MEAL IN YOUNG ADULTS 
6. 1. INTRODUCTION 
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In the last Chapter (V) the effects on postprandial lipid and lipoprotein 
variables of two bouts of exercise differing in intensity but of similar 
duration were examined. A significant attenuation of postprandial 
lipaemia was found after the moderate, but not after the low, intensity 
exercise bout. As the deSign, however, of the above study resulted in a 
significantly different amount of the total energy which was expended 
during the two exercise bouts, this factor per se may have influenced the 
outcome. 
Previous studies have shown that the energy expenditure of an exercise 
bout could influence fat stores for several hours after exercise through an 
elevation in the metabolic rate (Hermansen et al., 1984; Bielinski et al., 
1985; Maehlum et aI., 1986). A study by Bahr et al. (1987) has provided 
evidence to show that the total work performed during exercise and the 
subsequent elevation of the metabolic rate are closely related. It is thus 
reasonable to assume that an elevated fat metabolism would have an 
impact on the TAG metabolism in the postexercise recovery period. 
Therefore the present study examined the changes in postprandial serum 
lipids and lipoproteins following walking exercise of varying intensity and 
duration so that the same total energy was expended during exercise. 
The previous study also suggested that the lower concentration of serum 
TAG in the postprandial. period following exercise may reflect an 
enhanced tissue uptake of fatty acids after hydrolysis of TAG, but so far no 
information is available concerning the fate of the fat ingested during a 
meal. Some studies have shown that fat added to a relatively normal meal 
is largely stored, because the fat stores are not controlled and their capacity 
for· expansion is enormous (Flatt et al., 1985; Swinburn and Ravussin, 
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1993; Schutz et al., 1989; Abbott et aI., 1988). On the other hand, a recent 
study (Griffiths et aI., 1994) has shown that the addition of a large amount 
of fat (80 g) to a CHO meal resulted in an increased fat oxidation and 
sparing of CHO oxidation over the subsequent postprandial observational 
period. Another aim of the study was therefore to examine the influence 
of prior exercise on fat storage. 
In summary, this study examined the effect of exercise intensity of two 
walking bouts of comparable energy expenditure on' postprandial 
lipaemia. The two exercise intensities used were those employed in the 
previous studies (30% and 60% V02max) but the exercise duration was 
adjusted so that the same energy was expended in both bouts. In addition, 
expired air samples were collected before and after the ingestion of the fat 
meal in order to investigate whether or not previous exercise had an 
impact on fat oxidation. 
6. 2. METHODS 
6.2.1. Subjects 
Nine healthy normolipidaemic volunteers (5 men, 4 women) aged 
. 27.7±0.9 yrs (mean±SEM) and V02max of 50.2±3.5 ml·kg-1.min-1 participated 
in the present study which had university ethical committee approval. All 
were recreationally active, non-smokers and none was taking drugs 
known to affect lipid or lipoprotein or CHO metabolism. Their physical 
characteristics are presented in Table 6.1. 
Table 6.1. Physical characteristics of the subjects 
AGE HEIGHT WEIGHT BMI V0 2max 
(years) (m) (kg) (kg·in-2) (mI·kg-l.min-1) 
MEN (n=5) 
Mean 29.2 1.78 79.4 25.2 57.5 
Range 25-32 1.75-1.85 71.2-85.6 22.5-27.7 52.7-67.2 
WOMEN (n=4) 
Mean 25.8 1.66 62.2 22.6 41.1 
Range 25-27 1.62-1.76 60.5-63.1 20.3-23.8 31.5-46.1 
All (n=9) 
Mean±SEM 27.7±0.9 1.73±O.01 71.8±3.4 24.0±0.7 50.2±3.5 
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6.2.2. Experim ental procedures and protocol 
6.2.2.1. Preliminary tests 
Each subject performed two preliminary walking tests on the treadmill 
(see section 3.3.3). In the first, V02max was determined during uphill 
walking at a constant speed (range 1.34-1.88 m·s- 1). The second was a 
submaximal, incremental uphill walking test to establish the steady state 
relationship between V02 and treadmill grade. From this relationship the 
grades needed to elicit 30% and 60% of each individual's V02max were 
interpolated and adopted for the subsequent walking tests. 
6.2.2.2. Ma i n tests 
Starting one week after the preliminary tests, each subject took part in 
three trials (low intensity walking, moderate intensity walking, control), at 
intervals of seven days, in a balanced design. Each trial was conducted over 
two days (Fig. 6.1.). 
On the afternoon of day 1, treadmill walking was performed at a grade 
which elicited either 30% of V02max for 180 min i.e. low intensity (LI) or 
60% of V02max for 90 min i.e. moderate intensity (MI). The grades were 
1.9±0.4% and 11.3±O.9% for LI and MI walking trials respectively. The 
treadmill speed was the same for each exercise trial (mean: 1.65±0.04 m's- 1 
with a range of 1.47 to 1.83 m·s-1). On the control trial subjects refrained 
from the walking exercise on day 1. Subjects came to the laboratory 3 hours 
after their last meal. During walking, expired air samples, heart rate, rating 
of perceived exertion and duplicate 20111 capillary blood samples were 
collected as previously described in section 3.3.4.2. Body weight was 
measured at the beginning and at the end of each walking exercise bout. 
On the morning of day 2, i.e. 16 (range 15-17) hours after the completion of 
the treadmill walking (both walking trials finished at the same time) or 
rest, subjects were transported by car to the laboratory after an overnight 
fast for an oral fat tolerance test. A cannula was inserted into an 
antecubital vein and, after a 10 min interval, baseline expired air and blood 
samples were obtained. A high fat test meal was then ingested within a 15 
min period. Further expired air and blood samples were obtained hourly 
for the next six hours; apart from the first hour when extra expired air and 
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blood samples were taken half an hour after the ingestion of the meal. 
Subjects were seated quietly for at least 20 min before the expired air and 
blood samples were obtained. Expired air samples were collected for 5 min 
as this period is considered to disturb the subject's breathing patterns to the 
minimum and to be a representative and accurate collection (Se gal, 1987). 
The cannula was kept patent by flushing with a small volume of normal 
(9 g·l-I), non-heparinised saline. During the observation period subjects 
rested quietly in the laboratory and only consumption of water (ad 
libitum) was allowed. The time and the volume consumed during the first 
trial were recorded and repeated during the next two trials. 
AFTERNOON 
DAYl 
EXERCISE 
OR REST 
t Expired air sample 
Venous sample 
t 
Baseline 
MORNING DAY 2 
t t t t t t 
1 2 3 4 5 
HOURS POSTPRANDIAL 
Fig. 6.1. The schematic presentation of the protocol of the study 
t 
6 
The test meal ingested in the present study contained somewhat less CHO 
but the same amount of fat as that ingested in the previous study (Chapter 
V). Discussion with the subjects of the previous study, showed that the 
mass of oats in the meal was probably too high in relation to the mass of 
cream. Thus, it was decided that the amount of oats could be reduced so 
that the meal would be more palatable and to ensure that each subject 
could eat it in its entirely. The test meal was given according to body mass 
0.28 g fat, 1.24 g carbohydrate and 0.19 g protein per kg body mass) and 
consisted of whipping cream, cereal, fruits, chocolate, coconut, sultanas 
and nuts (see, section 3.4.). The energy value of the meal and the amount 
.... 
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of protein, carbohydrate and fat ingested are given in Table 6.2. Of the total 
energy, 67%, 29% and 5% were derived from fat, CHO and protein 
respectively. The meal was well tolerated by all subjects without any sign 
of nausea or other gastrointestinal discomfort. 
Subjects weighed and recorded the food and drink consumed for the three 
days prior to the first fat tolerance test and replicated this diet for the same 
period during the other two trials. No exercise (other than the treadmill 
walk) was performed for three days prior to each fat tolerance test. 
Table 6.2. Total amount of energy, protein, carbohydrate (CHO) and fat 
ingested with the test meal for men (n=5), women (n=4) and all the 
subjects participated in the present study. (Mean:tSEM) 
MEN 
WOMEN 
ALL 
ENERGY 
kJ 
5848±178 
4639±44 
5311±233 
6.2.3. Analytical methods 
PROTEIN 
g 
14.8±O.5 
11.8±O.1 
13.5±O.6 
CHO 
g 
97.6±3.0 
77.4±O.7 
88.6±3.9 
FAT 
g 
lOO.4±3.0 
79.7±O.8 
91.2±4.0 
Collection of the expired air samples was made using the Douglas bag 
method (section 3.5.1.). From the expired air samples, V02, VC02 and the 
R values were determined. 
Capillary blood samples obtained during exercise were analysed for lactate 
concentration (Maughan, 1982; APPENDIX AI). Venous blood samples (~9 
m!) were collected into non-heparinised tubes. Aliquots of whole blood 
were removed for the determination of haemoglobin concentration and 
haematocrit before and 6 hours after each oral fat tolerance test in order to 
estimate changes in plasma volume (Dill and Costill, 1974). Remaining 
blood was allowed to clot for 1 hour at 4 0C (see APPENDIX C) before being 
120 
separated. Serum was stored at -70 oC until analysed for TC, TAG and FFA 
concentrations (APPENDICES A3, A4 and A6 respectively). Serum insulin 
concentration was also determined at baseline, 0.5, 1, 2, 3, 4 and 6 hours 
after the consumption of the test meal as described at APPENDIX A7. HDL 
was determined on previously frozen serum by phosphotungistic acid 
precipitation (APPENDIX A2) and HDL cholesterol was measured using the 
enzymatic colorimetric method described at APPENDIX A3. LDL-C and 
VLDL-C were calculated for the baseline blood sample only using the 
Friedwald formula (see APPENDIX 03). 1 ml of whole blood was dispensed 
into sodium fluoride micro-tubes and plasma was immediately separated 
and stored at -70 oC for the determination of glucose concentration 
(APPENDIX AS). 
All the samples were analysed in duplicate using a centrifugal analyser 
(Cobas-Bio, Roche) and samples from each subject from all trials were 
measured on the same analyser run whenever possible. Accuracy and 
precision for the above assays were maintained by using throughout 
quality control sera (see APPENDICES A2-A7). 
Dietary intakes were analysed for the three days prior to each fat tolerance 
test and for the rest of the day following each walking test or rest (see 
section 3.3.5.). 
6.2.4. Statistical analysis 
Postprandial lipaemia was calculated using the indices previously 
described (5.2.4.). Statistical comparisons between the three trials (L1, MI 
and control) were made using analysis of variance (ANOV A). An 
unpaired t-test was also performed in order to compare the lipaemic 
responses between men and women, despite the small size in each sex. 
Where significant F ratios were "found, the means were compared using 
the Tukey post hoc test. Relationships between variables were evaluated 
using the Pears on product moment correlation. Values are presented as 
Mean±SEM or otherwise stated. 
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6.3. RESULTS 
6. 3. 1. Cardiorespiratory and metabolic responses during 
exercise 
The average V02 values (Table 6.3.) during the low and moderate 
intensity walking trials performed on day 1 represented 32.3±0.8% and 
62.6±1.2% of V02max respectively (p<0.01). The average values of heart rate 
and rating of perceived exertion (Table 6.3.) were higher (p<0.01) during 
the MI than during the LI exercise. The average R values were 0.88±0.01 
and 0.92±0.01 (p<O.OS) for LI and MI trials respectively, (Fig. 6.2.). During 
the MI trial, R was lower (p<0.01) at the end of the walking in relation to 
the initial collections whereas during the LI trial, all R values after the first 
hour were lower (p<0.01) compared to those obtained during the first 
three collections. 
Table 6.3. Average values for oxygen uptake (V02), heart rate (HR), 
rating of perceived exertion (RPE), carbohydrate (CHO) and fat 
oxidised per min during low (L/) and moderate (MI) intensity walking 
trials. (Mean±SEM) 
u 
MI 
VD2 
m1. kg-I. min- l 
lS.7±l.1 
31.7±2.3· 
HR 
beat· min- l 
102±4 
lS0±3' 
RPE 
9.3±O.7 
13.O±O.S· 
CHO 
g.min- l 
O.S3±O.11 
2.02±O.23· 
• p< 0.01 from low intensity walking trial 
FAT 
g.min-l 
O.24±O.03 
O.32±O.OS 
No significant difference was observed between the two exercise trials in 
the energy expenditure (LI: 4180±398 kJ vs MI: 4284±448 kJ, NS). However, 
the MI walking resulted in a higher (p<0.01) CHO oxidation rate compared 
to the LI trial, whereas the fat oxidation rate was not different between 
trials (Table 6.3.). It was estimated that 40.4±4.6% and 2S.4±2.8% of total 
energy was derived from fat during LI and MI walking trials respectively 
(p<O.OS). 
- ----------
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Blood lactate concentration increased (p<O.05) above baseline at both 
intensities; however, the mean value during the MI (2.8±O.3 mmoj.j-l) was 
significantly higher compared to the 11 trial (1.7±O.3 mmol·j-1, Fig. 6.2.). 
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Fig. 6.2. - Respiratory exchange ratio* (left) and blood lactate 
concentration* (right) during the low (C) and moderate (..1) intensity 
walking trials. (Mean±SEM) *p<O.05 mean value of moderate from low 
intensity trial 
6.3.2. Fasting serum concentrations on day 2 
Serum concentrations from the baseline (fasting) sample taken on the 
morning of day 2 are presented in Table 6.4. No significant differences 
were observed -between trials as a result of the previous walking exercise 
or rest, apart from serum TAG and FFA concentrations. Serum TAG 
concentration (Table 6.4.) was 35% lower than control (p<O.05) for both the 
MI and 11 trials. Serum FFA concentration was 33% higher (p<O.05) in the 
MI trial compared to the control trial. 
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Table 6.4 Fasting serum· lipid, lipoprotein, insulin and plasma glucose 
concentrations for the low intensity, moderate intensity and control 
trials. (Mean±SEM) 
Low Moderate 
Values intensity intensity 
TAG O.62±O.O9* O.63±O.O8 * 
TC 4.88±O.33 4.72±O.23 
HDL-C 1.58±O.11 1.51±O.O9 
Glucose 4.74±O.15 4.52±O.10 
FFA O.53±O.O6 O.56±O.O7* 
LDL-C 3.02±O.33 3.13±O.30 
VLDL-C O.28±O.O4 O.29±O.O4 
Insulin 9.07±1.16 7.05±O.75 
* p<O.05 from. control trial (one way ANOVA) 
Control 
O.95±O.18 
4.93±O.31 
1.57±O.13 
4.61±O.14 
0.42±O.05 
2.93±O.31 
0.43±O.08 
7.72±O.95 
All values are expressed in mmoH-l apart from insulin in JlU 'ml-1 
6.3.3. Serum responses after the ingestion of the meal 
Changes in plasma volume during the period of the fat tolerance tests did 
not differ between trials (-3.6±O.8%, -O.9±O.9% and -2.1±1.8% for LI, MI and 
control trials respectively), and therefore serum lipid, lipoprotein, glucose 
and insulin concentrations were not adjusted. 
Serum TAG concentration (Fig. 6.3.) increased significantly after the 
ingestion of the meal in all the trials, reaching a peak after 2 to 4 hours and 
remaining elevated throughout the 6 hour observation period. Indices of 
postprandial lipaemia were all significantly lower (28-33%) in both MI and 
LI trials than in the control trial (Fig. 6.4.), but did not differ between the 
two exercise trials. 
No significant difference in changes over time was found between the 
three trials in either total cholesterol, HDL cholesterol or glucose 
concentrations (Table 6.5.) after the consumption of the test meal. 
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Fig. 6.3. Serum triacylglycerol concentration before and after the 
ingestion of the meal in the control (0), low (D) and moderate (,1) 
intensity trials. (Mean±SEM) 
Serum TC concentration (Table 6.5.) increased (p<O.Ol) from baseline soon 
after the ingestion of the meal and remained elevated (p<O.Ol) for the 
whole 6 hour observation period in the three trials. Changes in plasma 
glucose concentrations were relatively small, values at half an hour and 
three hours after the consumption of the meal being higher (p<O.OS) from 
baseline (Table 6.5.). 
Serum concentrations of FFA and insulin in the fasted and postprandial 
states are presented in Fig. 6.5. There was a significant difference in 
changes over time between the three trials in FFA concentration (Fig. 6.5.). 
In addition, the incremental area under the. FFA-time curve was higher 
(p<O.OS) in the control trial compared with the two exercise trials (O.78±O.17 
mmo[.[·1.h vs O.08±O.22 mmol·[-1·h at LI and O.14±O.31 mmoH·1.h at MO 
whereas no difference was found for the total FFA area under the curve. 
FFA concentration dropped (p<O.Ol) from baseline half and 1 hour 
following the ingestion of the meal, started to increase gradually thereafter 
with values during the last 2 hours being elevated (p<O.Ol) compared to 
fasting levels in all the trials. A significant interaction was also found for 
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serum insulin concentration. Following the ingestion of the meal, serum 
insulin concentration (Fig. 6.5.) at half an hour was 35% and 25% lower 
(p<O.01) for the MI and LI trials respectively than for the control. 
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Fig. 6.4. Incremental and total areas under the triacylglycerol-time 
curve (top) and peak triacylglycerol (TAG) concentration and maximal 
triacylg/ycerol (TAG) increase (bottom) in the control, low and 
moderate intensity trials. (Mean±SEM) * p<O.05 from control trial 
Table 6.5. Serum concentrations of total cholesterol (TC), high density lipoprotein cholesterol (HDL-C) and plasma glucose 
after the ingestion of the test meal in the control (C), low (LI) and moderate (MI) intensity trials. (Mean±SEM) 
Values 0.5 hour 1 hour 2 hours 3 hours 4 hours 5 hours .6 hours 
TC C 4.9B±O.33 5.02±O.35 4.9B±O.34 4.96±O.33 5.02±O.33 5.14±O.33 5.12±O.34 
(mmoI-l-l) LI 4.99±O.34 5.03±O.32 5.00±O.33 5.07±O.33 5.11±O.34 5.13±O.32 5.12±O.33 
MI 4.83±O.25 4.B6±O.27 4.B1±O.25 4.B1±O.26 4.B2±O.26 4.B3±O.25 4.B6±O.25 
HDL-C C 1.56±O.O9 1.64±O.12 1.50±O.O9 1.54±O.10 1.63±O.13 1.70±O.12 1.72±O.12 
(mmoI-l-l) LI 1.66±O.13 1.6B±O.11 l.64±O.lO 1.75±O.12 1.66±O.10 1.65±O.12 1.79±O.15 
MI 1.57±O.10 1.66±O.11 1.55±O.11 1.61±O.OB l.63±O.09 1.66±O.11 1.59±O.1O 
Glurose C 5.01±O.30 4.19±O.22 4.93±O.24 5.07±O.11 4.69±O.O6 4.61±O.O6 4.59±O.O5 
(mmoI-l-l) LI 5.22±O.13 4.BO±O.17 4.B2±O.17 5.17±O.16 4.94±O.09 4.62±O.O7 4.46±O.O6 
MI 5.03±O.23 4.3B±O.15 4.99±O.21 4.92±O.12 4.68±O.O7 4.64±O.OB 4.47±O.O7 
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In all the trials, serum insulin concentration increased (p<O.Ol) above 
baseline during the first two hours after the consumption of the meal and 
returned towards fasting levels by 4 hours. The incremental and total areas 
under the insulin-time curve are presented in Fig. 6.6. A significantly 
(p<O.Ol) lower total area was found for the moderate intensity than for the 
low (17%) and control (22%) trials. 
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Fig. 6.5. Serum free fatty acid (FFA, top) and insulin (bottom) 
concentrations before and after the ingestion of the meal in the control 
(0), low (0) and moderate (L\) intensity trials. (Mean±SEM) *p<O.OS 
from control trial 
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6.3.4. Metabolic responses before and after the ingestion of the 
meal 
No significant difference in changes over time was observed between the 
three trials in oxygen uptake and R values (Fig. 6.7.) both before and after 
the ingestion of the meal. There was a tendency, however, for the VOz· 
values to be higher in the two exercise trials compared to control. VOz 
increased (p<O.Ol) above baseline following the consumption of the meal 
and remained elevated during the whole observation period. A significant 
difference was observed in the mean R value (Fig. 6.7.) between the three 
trials. This was significantly lower (p<O.OS) both before and after the meal 
for the two walking trials than for the control trial. Immediately after the 
ingestion of the meal, the R value increased (p<O.Ol) above baseline and 
remained significantly elevated for 4 hours. 
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Fig. 6.7. Oxygen uptake (left) and respiratory exchange ratio* (R, 
right) before and after the ingestion of the meal in the control (0), low 
(D) and moderate (.1) intensity trials. (Mean±SEM) *p<O.OS mean 
values of both exercise trials from control 
Comparisons between trials for the mean fat oxidation rate (Fig. 6.8.) 
showed that the two exercise trials elicited a significantly higher (p<O.Ol) 
rate than the control trial. On the other hand, the mean CHO oxidation 
rate (Fig. 6.8.) was lower (p<0.05) only for the moderate intensity than for 
the control trial. The total amount of fat oxidised (Table 6.6.) during the 
postprandial period was 30% (p<O.05) higher in the two exercise trials 
compared to the control trials whereas no significant difference was found 
for the total CHO oxidation (Table 6.6.). Knowing the total amount of fat 
and CHO ingested and oxidised during the observation period, the 
amount of their storage was calculated. Fat storage was lower (8%, p<O.Ol) 
in the two walking trials in relation to the control whereas no significant 
difference was found for CHO storage (Table 6.6.). 
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Fig. 6.8. Fat· (top) and carbohydrate oxidation ratest (bottom) before 
and after the ingestion of the meal in the control (0), low (C) and 
moderate (LI) intensity trials. (Mean:tSEM) .p<O.Ol mean values of both 
exercise trials from control; t p<O.OS mean value of moderate intensity 
trial from control 
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Table 6.6. Calculated energy production from fat and carbohydrate 
(CHO) and whole-body net substrate oxidation and storage over the 6 
hour postprandial period in the control (C), low intensity (Ll) and 
moderate (Ml) intensity trials. (Mean±SEM) 
Energy Production Substrate Oxidation Substrate Storage 
FAT CHO FAT CHO FAT CHO 
kJ kJ g g g g 
C 766±113 lOO4±lSS 19.5±2.8 S7.2±8.9 71.7±4.9 31.4±7.6 
U 999±lOS' 8S8±146 2S.4±2.7· 48.8±85 65.8±4.1· 39.8±7.1 
MI lO04±79' 791±126 2S.5±2.0· 4S.2±7.0 65.6±4.3· 43.4±5.4 
• p<O.Ol from control trial 
6.3.5. Lipid responses in men and women 
No significant differences were found between men and women in indices 
of postprandial lipaemia (Table 6.7.). Two out of five men had a lower 
lipaemic response to the meal in the MI trial compared to the control trial, 
two out of five had a greater attenuation in lipaemia in the LI compared to 
the control trial whereas one man had a lower response in both exercise 
trials (values exactly the same) compared to the control trial. Two out of 
four women had a lower lipaemia in the LI compared with the control 
trial, one had a lower response in MI trial compared with the control trial 
and one had a lower lipaemia in the control trial. Fasting and postprandial 
serum TC, TAG and HDL-C concentrations for men and women are 
presented in Table 6.S. 
1_ 
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Table 6.7. Incremental and total areas under the triacylglycerol (TAG) -
time curve, peak TAG concentration and maximal TAG increase in men 
(n=5) and women (n=4) for control (C), low (LI) and moderate (MI) 
intensity trials. [Mean (Range)] 
Incremental area Total area peak TAG max TAG increase 
(mmol·r1.h) (mmol·r1.h) (mmoH-1) (mmol·r1) 
MEN 
C 2.910.51-4.05) 7.72(4.75-10.95) 1.61(1.90-2.13) 0.70(0.42-0.95) 
LI 1.880.22-2.21) 5.35(3.38-7.01) 1.19(0.64-1.63) 0.49(0.27-0.62) 
MI 1.86( 1.11-2.55) 5.29(3.09-7.61) 1.08(0.62-1.46) 0.45(0.27-0.61) 
WOMEN 
C 1.79(1.41-2.55) 8.55(4.43-13.95) 1.77(0.89-2.68) 0.55(0.38-0.70) 
LI 1.54(0.71·2.20) 5.59(3.31-9.29) 1.15(0.66-1.79) 0.43(0.29-0.59) 
MI 1.61(0.79-2.86) 5.83(3.51-8.28) 1.26(0.70-1.71) 0.49(0.25-0.71) 
Table 6.S. Serum concentrations of total cholesterol (TC), high density lipoprotein cholesterol (HDL-C) and triacylglycerol 
(TAG) before and after the ingestion of the test meal for men (n=5) and women (n=4) in the control (C), low (LI) and moderate 
(MI) intensity trials. (Mean±SD) 
FASTING POSTPRANDIAL PERIOD 
Values 0.5 hour 1 hour 2 hours 3 hours 4 hours 5 hours 6 hours 
MEN 
TC C 5.05±1.08 5.11±1.12 5.22±1.19 5.20±1.11 5.20±1.11 5.23±1.06 5.34±1.06 5.32±1.17 
(mmoH-l) LI 5.12±J.19 5.23±1.26 5.27±1.10 5.27±J.15 5.35±J.17 5.38±1.20 5.30±1.14 5.37±1.13 
MI 4.93±O.79 5.04±O.91 5.07±O.97 5.00±O.91 5.02±O.90 4.99±O.95 5.04±O.93 5.09±O.90 
HDL-C C 1.39±O.46 1.38±O.17 1.50±O.32 1.35±O.21 1.52±O.33 1.56±O.47 1.51±O.46 1.45±O.39 
(mmol'l-l) LI 1.41±O.34 1.49±O.29 1.51±O.20 1.54±O.22 1.69±O.47 1.54±O.25 1.45±O.30 1.67±O.56 
MI 1.45±O.18 1.54±O.17 1.69±O.34 1.54±O.25 1.69±O.21 1.54±O.28 1.45±O.30 1.67±O.17 
TAG C O.80±O.42 O.99±O.38 1.24±O.54 1.36±O.46 1.43±O.50 1.45±O.22 1.26±O.32 1.20±O.34 
(mmoH-l) LI O.59±O.18 O.82±O.18 1.02±O.37 1.01±O.40 O.90±0.21 O.88±O.23 O.80±O.31 O.86±O.21 
MI O.57±O.22 O.73±O.24 O.83±O.35 O.98±O.32 O.98±O.36 O.88±O.24 O.90±O.30 O.85±O.31 
WOMEN 
TC C 4.79±O.82 4.82±O.94 4.77±O.93 4.72±O.96 4.66±O.88 4.76±O.96 4.89±O.95 4.88±O.93 
(mmol'l-l) LI 4.59±O.70 4.70±O.65 4.72±O.81 4.67±O.72 4.73±O.74 4.77±O.79 4.91±O.77 4.81±O.82 
MI 4.45±O.48 4.56±O.48 4.61±O.53 4.58±O.54 4.56±O.58 4.61±O.59 4.57±O.47 4.59±O.47 
HDL-C C 1.72±O.38 1.78±O.27 1.81±O.69 1.70±O.39 1.62±O.49 1.73±O.47 1.76±O.53 1.81±O.53 
(mmoH-l) LI 1.79±O.28 1.87±O.41 1.91±O.35 1.77±O.34 1.82±O.24 1.82±O.23 1.90±O.32 1.94±O.19 
MI 1.66±O.29 1.80±O.29 1.86±O.30 1.80±O.25 1.72±O.24 1.72±O.28 1.86±O.31 1.76±O.35 
TAG C l.13±O.69 1.31±O.77 1.56±O.83 1.70±O.74 1.54±O.83 1.39±O.92 1.20±O.67 1.22±O.78 
(mmol'l-l) LI O.68±O.38 O.76±O.39 O.93±O.49 1.14±O.47 1.07±O.53 O.92±O.53 O.83±O.32 O.77±O.30 
MI O.70±O.27 O.72±O.30 O.94±O.35 l.17±O.40 1.20±0.47 O.93±O.31 O.86±O.33 O.85±O.39 
..... 
(;J 
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134 
6.3.6. Dietary analysis 
The average energy, protein, CHO and fat intake for the three days prior to 
each fat tolerance test is presented in Table 6.9. No significant differences 
were observed in the food intakes or in the percentages of energy derived 
from fat and CHO (control: 31.6±4.2% and 53.0±5.5%; LI: 31.4±4.4% and 
53.7±5.5%; MI: 30.7±4.1 % and 54.3±5.4% respectively). 
Dietary intakes were also analysed for the period after the end of the two 
walking sessions or rest (approximately after 4.30 pm) on day 1. This 
analysis showed that there were no significant differences in the nutrient 
intakes between the three trials (Table 6.9.) or in the percentages of energy 
derived from fat and CHO (control: 31.2±4.3% and 51.1±5.6%; LI: 29.1±5.1 % 
and 53.4±6.7%; MI: 29.8±4.9% and 53.l±6.3% respectively). 
Table 6.9. Total daily amount of energy, protein, carbohydrate (CHO) 
and fat intake for the 3 days (average) prior to each fat tolerance test 
and for the period following the end of the low (Ll) and moderate (Ml) 
intensity walking trials or rest in the control (C) trial on Day 1. 
(Mean±SEM) 
ENERGY 
kJ 
Average of 3 days 
I1 9897±1474 
MI 
C 
9968±1494 
9950±1468 
PROTEIN 
g 
94±19 
95±20 
97±20 
Remainder of Day 1 after walking or rest 
I1 5632±1151 61±17 
MI 
C 
5739±1128 
5286±1156 
62±17 
59±17 
CHO 
g 
308±42 
315±42 
306±41 
141±32 
173±30 
153±28 
FAT 
g 
91±17 
90±17 
92±17 
49±14 
50±14 
50±14 
135 
6.3.7. Correlations 
Significant positive correlations were found between the fasting TAG 
concentration and (i) the total area under the TAG-time curve (r=0.96, 0.90 
and 0.95 for LI, MI and control trials respectively, p<O.Ol) and (ii) the peak 
TAG (r=0.92, 0.88 and 0.94 for LI, MI and control trials respectively, p<O.Ol). 
No other significant relationships were found between serum fasting 
HDL-C, or TAG, or insulin concentrations and indices of lipaemia. 
Fasting TAG and peak TAG were negatively related to the average fat 
oxidation rate (r=-0.65, p<0.05) in the control trial. During the postprandial 
period the average CHO oxidation rate was strongly related to the average 
\102 and to the total amount of fat stored (r=0.66-0.87, p<O.05-0.01, in all 
trials). The \102max and the average \102 in the fed state were related to the 
total amount of fat stored in the MI trial only (r=0.65 and r=O.69 
respectively, p<O.05). In addition, the \102max had a significant relationship 
with the average postprandial \102 value in the MI trial (r=O.63, p<0.05). 
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6.4. DISCUSSION 
This study was designed to examine the effects of two exercise bouts of 
comparable energy expenditure (~4230 kJ) but of different intensity and 
duration on the lipaemic responses to a fatty meal. The main finding was 
that the magnitude of postprandial lipaemia was significantly attenuated 
(-30%) compared with a non-exercise trial, when either a prolonged bout 
of low (32%V02max for 180 min) or a shorter bout of moderate intensity 
(62% V02max for 90 min) treadmill walking was performed 16 hours prior 
to the ingestion of the meal. The present study clearly showed the role of 
the energy expenditure on triacylglycerolaemia, since the low intensity 
exercise was able to reduce the postprandial serum TAG response by a 
similar degree as the moderate one, when its duration was 
correspondingly greater. 
Samples of expired air were collected for the whole observation period 
(both fasting and postprandial states) on day 2 in order to examine the 
metabolic responses to the meal. Special care was taken to ensure that all 
the expired air collection procedures were as carefully controlled as 
possible. Therefore, subjects were thoroughly familiarised with the 
mouthpiece procedures before the beginning of a main trial and they 
rested quietly for 25 min prior to each collection. In addition, the analysers 
were regularly calibrated before the collection sampling points. 
It has been reported that resting energy expenditure may be influenced by a 
previous exercise bout (Hermansen et al., 1984; Bielinski et al., 1985). It has 
been found that in addition to the direct cost associated with physical 
exercise, an acute exercise bout may influence the resting metabolic rate 
(RMR) and the thermic effect of a meal for several hours after the end of 
the exercise bout (Poehlman, 1989). 
It is well known that increased metabolic activity in muscle cells during 
exercise persists for some time after cessation of exercise. This 
phenomenon has been termed excess postexercise 02 consumption (EPOC, 
Gaesser and Brooks, 1984) and may add significantly to the total energy cost 
attributable to the activity. The magnitude of EPOC seems to be dependent 
on the intensity (Brehm and Gutin, 1986; Gore and Withers, 1990; Sedlock 
et al., 1989; Chad and Quigley, 1991; Frey et aI., 1993) and the duration 
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(Bahr et al., 1987; Quin et a/., 1994; Chad and Wenger, 1988; Sedlock et al., 
1989) of the previously performed exercise bout. In the fasting state, RMR 
calculated from the V02 values was not found to be significantly elevated 
16 hours after the end of the two exercise trials compared to the control 
trial, in the present study. This was in contrast with some investigators 
who have reported an increase in energy expenditure lasting between 12 
and 24 hours after exercise (Edwards et al., 1935, in Brehm, 1988; 
Hermansen et al., 1984; Bahr et al., 1987; Maehlum et a/., 1986; Bielinski et 
al., 1985; Devlin and Horton, 1986). However, these studies used exercise of 
high intensity (> 70% V02max, except the study of Bielinski et a/., 1985: 
50%V02max) and prolonged duration (65-180 min). In line with this 
suggestion are the findings of other studies using exercise of low to 
moderate intensity (35-68% V02max) of varying duration (20-90 min), 
which did not find a long term elevation in EPOC (Hagberg et al., 1980; 
Pacy et aI., 1985; Brehm and Gutin, 1986). The intensity threshold of 70% 
V02max suggested by Brehm (1988) may partially explain why the 
intensities of the present study lacked any long term effect on the 
postexercise V02. On the other hand, the present results do not preclude a 
possible effect of both exercise intensities on the EPOC in the period 
immediately following exercise cessation, when the residual effects of 
exercise on metabolic rate may be more pronounced. However, in the 
present study the first measurement of metabolic rate was made 16 hours 
after the end of each exercise session at which an effect could not be 
detected. 
The thermic effect of a meal has been described as an increase in the 
resting metabolic rate associated with ingestion of food (Miller et al., 1967; 
We lie et a/., 1981). This increase may be caused by the energy requirements 
of digestion, absorption, transport, synthesis and storage of food as 
glycogen, protein and TAG. The thermic effect of a meal was evident in 
the present study sinceV02 values increased significantly after the 
ingestion of the meal and remained elevated for most of the postprandial 
period in all trials. However, this effect was not found to be enhanced by 
previous exercise. There is considerable controversy regarding the impact 
of exercise on postprandial thermogenesis. While some studies of the 
interaction of exercise and food suggest that exercise enhances the thermic 
effect of a meal (Segal and Gutin, 1983; Bahr et al., 1987; Maehlum et al., 
1986; Bielinski et a/., 1985; Devlin and Horton, 1986; Segal et a/., 1985; 1987; 
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Broeder et al., 1991), others fail to confirm a potentiation of postprandial 
thermogenesis by exercise (Pacy et al., 1985; Welle, 1984; Dalloso and James, 
1984). Such discrepant results may be due to the differences in 
experimental designs, the mode and duration of metabolic measurements, 
the composition of the meal and the manner in which the thermic effect 
is expressed. A possible explanation for the lack of an effect of exercise on 
the thermic effect of the meal in the present study may be the low exercise 
intensities employed. This suggestion is in agreement with the notion that 
exercise must be of sufficient intensity (>65% \702max) in order to increase 
meal-induced thermogenesis (Tredway and Young, 1990; Broeder et a/., 
1991). The time between the end of exercise and the ingestion of the meal 
seems to be another important factor that could explain why the present 
results differ from some of the above studies. Overall, factors that may 
have contributed to the lack of an additional exercise effect on \702 both 
before and after the meal may include: (i) the small sample size (n=9), (ii) 
the mixed group in terms of sex (5 men, 4 women), as it was found that 
women had lower fasting and postprandial \702 values than men, as 
previously suggested by Arciero et al. (1993), (iii) the menstrual cycle as the 
post-ovulatory phase may elicit a 9% elevation in the metabolic rate 
(Webb, 1986) and this was not controlled for, and (iv) the considerable 
intra-individual variation in the RMR and thermic effect of food 
(Poehlman, 1989). 
Serum TAG concentrations reflect the balance between the rates of 
appearance and disappearance of TAG-rich lipoproteins, and a change in 
either rate could account for the lower response which was evident after 
both exercise bouts. As previously mentioned (discussion of Chapter V) 
there is little reason to suppose that the rate of fat appearance during both 
the LI and MI exercise trials was lower than the control trial. Therefore, 
the most plausible explanation for the reduced lipaemic responses of both 
exercise bouts was an enhanced disappearance rate of TAG. The enhanced 
rate of TAG removal was probably occurred in the peripheral tissues 
-mainly in the skeletal muscle- as a result of a long-lasting effect of exercise 
on the activity of LPL (Lithell et al., 1981a; 1984; Kantor et a/., 1984; 1987; 
Gordon et a/., 1994; Sady et al., 1986), as it was previously suggested in 
Chapter V. An elevated uptake of FFA originating from the enhanced 
hydrolysis of TAG-rich particles - through LPL activity - may accelerate the 
replenishment of the fat stores that have been utilised during exercise 
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during exercise (Nikkila, 1987). The finding that the incremental area 
under the FFA-time curve was lower (p<O.05) in both exercise trials 
compared to the control trial may indicate an enhanced uptake of FFA 
from the peripheral tissues, although an explanation for this can not be 
put forward. 
An uptake of FFA originated from TAG hydrolysis raises the question 
whether these FFAs are primarily stored or oxidised. Although an effect of 
exercise on postprandial increase in energy expenditure was not detectable 
in the present study, exercise at both intensities significantly influenced 
the proportion of substrate oxidised, since mean fa~ting and postprandial 
R values were lower compared to control (O.84±O.02 at LI, 0.83±O.02 at MI 
vs O.87±O.02 at control). This resulted in greater fat (both MI and LI trials) 
and lower CHO oxidation (MI trial only) rates (Fig. 6.8.), which were 
evident in fasted state 16 hours postexercise and during the 6 hour 
postprandial period. Many investigators have also observed a greater fat 
oxidation in the long term postexercise recovery period (Bielinski et al., 
1985; Bahr et al., 1987; Maehlum et al., 1986; Hermansen et al., 1984; Bahr 
and Sejersted, 1991). This increase in fat oxidation may be related to the 
lower serum TAG concentration in the two exercise trials. By knowing the 
total amount of fat and CHO'which was ingested and oxidised, substrate 
balance was calculated (Table 6.6.). This represents the estimated net 
change in the body's fat and CHO stores between the period just before the 
meal and for the following 6 hours (Griffiths et al., 1994). Net fat oxidation 
was significantly greater (30%) than control after both exercise trials and 
thus, the net fat stored was lower (8%). Net CHO oxidation tended to be 
lower and net storage higher after the two exercise trials compared with 
the control trial, but this did not reach significance. 
The site of the reduction in fat storage could not be identified, since R 
reflects the whole body substrate utilisation and does not distinguish the 
contribution from specific tissues, mainly skeletal muscle and adipose 
tissue. There is evidence, however, that the "storage" in blood was 
decreased because serum TAG concentrations were lower throughout the 
observation period in the two exercise trials. Despite this reduction in fat 
storage (8%), a positive fat balance was observed in both exercise trials due 
to the large amount of fat ingested. Although the same amount of fat was 
stored in the two exercise trials, it may be speculated that a proportionally 
!j 
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the MI trial, since the FFAs from adipose tissue may have contributed 
more to the total energy expended during the low intensity exercise bout. 
Data based on the total estimated fat utilisation during exercise which was 
not significantly different between the two intensities (43 g at LI vs 29 g at 
MO, do not help to differentiate the contribution of fat utilisation from 
adipose vs muscle tissue. However, based on recent tracer studies (Romijn 
et aI., 1993), the quantitative contribution of different substrates to muscle 
metabolism was expected to vary greatly with the intensity and duration of 
each exercise bout. According to this study, low intensity exercise is fuelled 
predominantly by peripheral substrates (plasma FFA and glucose) with a 
minimal contribution from intramuscular stores (TAG and glycogen). On 
the other hand, moderate intensity is fuelled more by intramuscular (TAG 
and glycogen) than peripheral substrates. Despite this different pattern of 
fat utilisation during the two exercise bouts, the skeletal muscle was likely 
to be an important site of fat storage during the postprandial period in 
both intensities. A recent study (Jensen et al., 1995) showed that after a 
mixed meal, muscle accounted for 30-35% of the increase in 02 
consumption in the late postprandial period (3 hours after the meal), 
whereas the major contributor of the early 0-3 hours after the meal) 
postprandial thermogenesis was the liver. 
The oxidation of fatty acids is known to decrease the rate of glucose 
utilisation and oxidation, according to the glucose/ fatty acid cycle (Ra!1dle 
et al., 1963). A decreased rate of glucose oxidation in the postprandial 
period may permit more glucose to be used for repletion of glycogen stores 
in the muscle and/or the liver. Muscle biopsies were not taken during or 
after exercise in the present study in order to determine the rate of 
glycogen utilisation and resynthesis respectively. However, gross estimates 
from other studies using cycling or running exercise (Saltin and Karlsson, 
1971; Tsintzas, 1993) may suggest that the utilisation of glycogen was 
minimal during the LI trial and that during the MI trial, skeletal muscle 
glycogen stores may have been·decreased to less than 50% of the initial 
levels. The lower mean CHO oxidation rate could have allowed more 
glycogen resynthesis suggesting that the decrease in muscle glycogen was 
greater in the MI trial than the control trial. 
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The present results also suggest that the serum insulin response is 
dependent on the intensity of exercise, as the moderate intensity bout 
reduced (17%, p<O.05) the insulin response to the meal more than the. 
lower one, despite the fact that the energy expenditure of the two 
intensities was comparable. The reduced muscle glycogen concentration 
after the MI exercise trial (Saltin and Karlsson, 1971; Romijn et al., 1993) 
with a concomitant up-regulation of glycogen synthase (Ivy et aI., 1985) in 
the recovery period may partially explain the observed intensity effect of 
exercise on insulin. On the other hand, the subjects consumed mixed diets 
in the postexercise recovery period on day 1 (173 g of CHO intake at MI 
trial) and this may have resulted in a resynthesis of muscle glycogen 
(Burke et al., 1995). Therefore, the observed intensity effect on the 
postprandial insulin concentration (consistent with previous findings, 
Chapter V) 16 hours after the end of exercise may not be explained by the 
amount of glycogen utilised during exercise. 
In summary, the present study showed that extending the duration of a 
low intensity exercise bout to get the same energy expenditure with a bout 
of moderate intensity, equally attenuated the increase in serum TAG 
levels when a fat meal was ingested 16 hours later. In addition, both 
walking trials resulted in an increase in the amount of ingested fat which 
was oxidised and in a decrease in the amount of fat that was stored in the 
body tissues. 
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CHAPTER VII 
THE EFFECT OF ONE BOUT OF TREADMILL WALKING 
ON THE LlPAEMIC AND METABOLIC RESPONSES TO A 
FATTY MEAL IN TRAINED AND UNTRAINED WOMEN 
AGED 35 TO 50 
7. 1. INTRODUCTION 
The two previous studies have shown that postprandial lipaemia was 
significantly attenuated when an acute bout of moderate intensity walking 
was performed 16 hours prior to the ingestion of the meal. However, the 
subjects of these two studies were young adults. Since age has been found 
to be associated with a pronounced postprandial lipaemia and 
insulinaemia (Cohn et al., 1988; Krasinski et al., 1990b; Fink et al., 1983) the 
previous findings may not be applicable for other subject groups. In 
addition, the age-induced changes in body composition (Going et al., 1995; 
Calles-Escandon et al., 1995), possibly mediated by a lack of physical 
activity, may influence energy metabolism during the postexercise 
recovery period (Vaughan et al., 1991; Poehlman et al., 1994). This may be 
important in the light of the previous finding that exercise resulted in an 
enhanced postprandial fat oxidation. 
Despite the magnitude of the problem of cardiovascular disease in women 
(Bush, 1991; Khaw and Sharp, 1994), relatively few studies have been 
conducted in women. These were the reasons why the next study 
involved middle aged women (35-50 years) rather than men. In addition, 
since menstrual status is known to affect lipid and lipoprotein 
concentrations (Stevenson et al., 1993; Kushwaha, 1992), women were 
selected to be pre-menopausal. 
One mechanism which was proposed in the previous studies was that the 
decrease in lipaemia attributable to the exercise bout may be related to the 
amount of muscle TAG that have been utilised during the exercise. If this 
is the case, the trained individuals, who are reported to rely more heavily 
on intramuscular TAG stores during exercise (Hurley et al., 1986), might be 
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expected to show a more pronounced decrease in postprandial lipaemia 
after a bout of exercise. There are only a few studies that have made cross 
sectional comparisons between trained and untrained individuals. These 
studies have shown that trained individuals had a lower lipaemic 
response after an intravenous (Sady et aI., 1988; Thompson et al., 1991; 
Podl et al., 1994) or oral (Cohen et al., 1989; Merill et al., 1989) fat tolerance 
test compared to untrained individuals. However, no data are available in 
other age groups since four of these studies have used young men (20-35 
years) and one has involved young women (Podl et aI., 1994). 
The purpose of the present study was therefore two fold (i) to examine if a 
bout of moderate intensity walking had an effect on the lipaemic and 
metabolic responses to a fatty meal in middle aged women (35 to 50 years) 
as previously shown for young adults and (ii) to test the hypothesis that 
endurance trained individuals would have a lower lipaemic response 
after the exercise bout by comparing the postprandial lipaemic responses of 
endurance trained middle aged individuals to a bout of exercise with 
untrained individuals. Although both moderate and low intensity 
walking bouts may have a similar effect on lipaemia if they match for the 
energy expenditure (previous study), the present study used a moderate 
intensity bout. This was decided because an. exercise period of 90 min 
would be based more on the intramuscular TAG utilisation (Romijn et al., 
1993) and would be manageable for the untrained 'individuals. 
7.2. METHODS 
7.2.1. Subjects 
Twenty two healthy normolipidaemic women between the age 35 to 50 
years gave their informed consent and participated in the present study 
which had university ethical committee approval. Subjects were recruited 
by advertising locally. Subjects were accepted to take part in the study 
provided they met the following criteria: (i) non-smoker, (ii) systemic 
arterial blood pressure <160/90 mm Hg, (iii) normal menstrual cycle 
during the past 5 years (iv) total cholesterol <6.8 mmol·[-1 and fasting TAG 
<2.3 mmoH-i, (v) non-diabetic, (vi) free from a clinical history of bleeding 
or coagulation disorders or physician diagnosed cardiovascular or 
metabolic disease and (vii) not presently taking (or for the past 6 months) 
144 
pharmacotherapeutic drugs known to affect lipid or lipoprotein or CHO 
metabolism. Confidential interview with the subjects showed that two 
untrained (see below) had been on the contraceptive pill for at least 3 
years, one untrained was under the hormone replacement therapy during 
the past 7 months and one trained had a hysterectomy operation 2 years 
before the beginning of the study. 
These twenty two subjects were divided into a trained (n=9) and an 
untrained (n=13) group depending on their physical conditioning. The 
criteria for the inclusion in the trained group were (i) that the training 
activities were based on endurance training (ii) these activities involved 
the skeletal muscle groups of the legs and (iii) that the subjects had run for 
an average of 25 km per week during the last 5 years. On the other hand, 
the criteria for the inclusion in the untrained group were (i) that subjects 
were physically active (or non active) but not systematically endurance 
trained and (ii) that they took part in recreational activities 3 or less times 
per week spending no more than 45 minutes in each session. Assessment 
of physical activity status was made using a questionnaire. 
The trained group involved seven runners, two triathletes (one national 
level competitor) and one step-aerobic instructor who was also a regular 
runner. They ran an average 25-30 km per week and they participated in 
various distance running competitions (and cycling and swimming for the 
triathletes). The untrained group was a more mixed group than the 
trained regarding their physical activities. Seven out of thirteen did not 
participate in any physical activity programme, one played recreational 
golf 1-2 times per week (in the summer), one played social tennis 2-3 times 
per week (spring and summer seasons), two did walk occasionally about 2-
3 miles (during the weekends and/or summer months), one did jogging 2-
3 times per week for 30 min and one attended a swimming and an aerobic 
class once per week (each activity for 50 rnin). 
The physical characteristics of the trained and untrained groups are 
presented in Table 7.1. 
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Table 7.1. Physical characteristics of the trained (n=9) and untrained 
(n=13) individuals who took part in the study (Mean:tSEM) 
Age Height Weight V0:2max HRmax 
(years) (m) (kg) (ml·kg·l.min·! ) (beat.min·! ) 
Trained 40.4±1.l 1.63±O.O 59.3±1.8 50.3±2.0· 177±2' 
Untrained 43.8±1.2 l.64±O.O 62.2±2.9 31.7±1.0 185±2 
* p<0.05 from untrained group 
7.2.2. Experimental procedures and protocol 
7.2.2.1. Body composi tion measurements 
Skinfold thickness was measured in all subjects at four sites: biceps, triceps, 
subscapular and suprailiac as described by Durnin and Womersley, (1974; 
section 3.6.3.) for the estimation of fat-free mass, fat mass and percentage of 
fat mass (APPENDIX 01). Furthermore, the waist and hip circumferences 
were measured as determined in section 3.6.4. 
7.2.2.2. Preliminary tests 
After a thorough familiarisation session (see section, 3.3.2.), each subject 
performed two preliminary walking tests on the treadmill (3.3.3.). In the 
first, V02max was determined during uphill walking at a constant speed 
(range: 1.30-1.61 m·s·! for untrained and 1.65-1.83 m·s·! for trained). The 
second was a submaximal, incremental uphill walking test to establish the 
steady state relationship between V02 and treadmill grade. From this 
relationship the grade needed to elicit 60% of each individual's V~max 
was interpolated and adopted for the subsequent walking test. 
7.2.2.3. Main tests 
Starting one week after the preliminary tests, each subject took part in two 
trials (exercise and control), at intervals of seven days, in a balanced design. 
Each trial was conducted over two days (Fig. 7.1.). 
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On the afternoon of day 1, treadmill walking was performed at a grade 
which elicited 60% of V02max for 90 min i.e. exercise trial. The grades were 
7.8±0.7% and l1.0±0.8% for the untrained and the trained subjects 
respectively. The corresponding mean treadmill speed was 1.39±0.04 m·s·! 
and 1.65±0.04 m·s·! for the two groups respectively. On the control trial 
subjects refrained from exercise on day 1. Subjects came to the laboratory 3 
hours after their last meal for the exercise trial. During walking, expired air 
samples and duplicate 20lll capillary blood samples were collected as 
previously described (3.3.4.2.). Water was provided ad libitum throughout 
exercise the volume consumed being recorded. 
On the morning of day 2, i.e. 16 hours after the completion of the treadmill . 
walking or rest, subjects came to the laboratory after an overnight fast for 
an oral fat tolerance test. A cannula was inserted into an antecubital vein 
and, after a 10 min interval, baseline expired air and blood samples were 
obtained. A high fat test meal was then ingested within 15 min. Further 
expired air and blood samples were obtained hourly for the next six hours; 
apart from the first hour when an extra expired air and blood sample was 
taken half hour after the ingestion of the meal. Subjects were seated 
quietly for at least 25 min before the expired air and blood samples were 
taken. Expired air samples were collected for 5 min as in the previous 
study (Chapter VI). The cannula was kept patent by flushing with a small 
volume of normal (9 g·l·!), non-heparinised saline. During the 
observation period subjects rested quietly in the laboratory and only 
consumption of water (ad libitum), was allowed. The time and the 
volume consumed during the first trial were recorded and repeated during 
the next trial. 
AFTERNOON 
DAY 1 
EXERCISE 
OR REST 
t Expired air sample Venous sample 
MORNING DAY 2 
MEAL 
INGESTION 
t t t 
Baseline 1 
t t t t 
2 3 4 5 
HOURS POSTPRANDIAL 
Fig. 7.1. The schematic presentation of the protocol of the study 
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The test meal was given according to fat free mass (1.7 g fat, 1.65 g CHO and 
0.25 g protein per kg fat free mass) and consisted of whipping cream, cereal, 
fruits, chocolate, coconut, sultanas and nuts (see, section 3.4.). In a 
previous study (Aldred et al., 1995) the fat meal was given according to 1.8 
g fat per kg fat free mass in women aged 40 to 55. However, as a few 
subjects complained about the amount of food ingested and some of it was 
left in the bowl, it was decided to use a slightly lower amount of ingested 
fat (1.7 g fat per kg fat free mass) in the present study. The energy value of 
the meal and the amount of protein, carbohydrate and fat ingested is given 
in Table 7.2. Of the total energy of this meal, 67%, 29% and 5% was derived 
from fat, CHO and protein, respectively. The meal was well tolerated by all 
subjects without any sign of nausea or other gastrointestinal discomfort. 
Every subject consumed all the prescribed meal without leaving any 
leftovers. 
One of the reasons why the meal was administered per kg fat-free mass 
was because athletes, who tend to have higher FFM relative to fat mass, 
would receive relatively more dietary fat compared to untrained 
individuals by using this approach. In addition, energy metabolism during 
and after exercise is considered to be directly related to the skeletal muscle 
mass so it was decided to administer the fat meal according to the mass of 
this metabolically active tissue. Another reason for prescribing the meal 
per kg fat-free mass for the middle aged women, was that this reduced the 
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total amount of fat that had to be consumed by these relatively heavy and 
untrained individuals. 
Subjects weighed and recorded the food and drink consumed for the three 
days prior to the first fat tolerance test and replicated this diet for the same 
period during the second trial. No exercise (other than the treadmill walk) 
was performed for the three days prior to each fat tolerance test. 
Table 7.2. Total amount of energy, protein, carbohydrate (CHO) and fat 
ingested with the test meal in trained and untrained women who 
participated in the present study. (Mean:J:SEM) 
TRAINED 
UNTRAINED 
ENERGY 
kJ 
4481±145 
4415±192 
7.2.3. Analytical methods 
PROTEIN 
g 
t1.4±O.4 
t1.2±0.5 
CHO 
g 
74.8±2.4 
73.7±3.2 
FAT 
g 
77.0±2.5 
75.8±3.3 
Collection of the expired air samples was made using the Douglas bag 
method (3.5.1.). Capillary blood samples were analysed for blood lactate 
concentration (Maughan, 1982; APPENDIX At). Venous blood samples (~9 
ml) were collected into non-heparinised tubes. Aliquots of whole blood 
were collected for the determination of haemoglobin concentration and 
haematocrit before and 6 hours after each oral fat tolerance test in order to 
estimate plasma volume changes (Dill and Costill, 1974). 
Remaining blood was allowed to clot for 1 hour at room temperature 
before being centrifuged. Serum was then separated and stored at -70 oC 
until analysed for TC, TAG, FFA and insulin concentrations (APPENDICES 
A3, A4, A6 and A7 respectively). An 1 ml of serum was stored at 4 oC for the 
determination of HDL and its subfractions by precipitation (Gidez· et aI., 
1982; APPENDIX A2) and their cholesterol was measured using the 
enzymatic colorimetric method described at APPENDIX A3. HDL2-C was 
calculated as the difference between HDL-C and HDL3-C whereas LDL-C 
and VLDL-C were calculated for the baseline blood sample only using the 
Friedwald formula (see APPENDIX 03). A further 1 ml of whole blood was 
dispensed into sodium fluoride micro-tubes and plasma was immediately 
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separated and stored at -70 oC for the determination of blood glucose 
concentration (APPENDIX AS). 
All the samples were analysed in duplicate using a centrifugal analyser 
(Cobas-Bio, Roche) and samples of each subject from all trials were 
measured on the same analyser run whenever possible (apart from HDL-C 
and HDL3-C). Accuracy and precision for the above assays were 
maintained by using throughout quality control sera (see APPENDICES A2-
A7 for each assay separately). Phenotypes of apoprotein E were determined 
by isoelectric focusing using Western blot techniques (APPENDIX A9). 
Dietary patterns were analysed for the three days prior to each fat tolerance 
test and for the rest of the day following the walking or rest, as described at 
section 3.3.5. 
7.2.4. Statistical analysis 
Postprandial lipaemia was calculated using the. indices previously 
described (Chapter V). Various statistical tests were used in order to 
examine differences within and between the trained and untrained 
groups. Statistical comparisons within groups (exercise vs control trial) 
were made using a two-way ANOVA and a paired t-test. Where significant 
F ratios were found, the means were compared using the Tukey post hoc 
test. A three way ANOV A (group x trial x time) and an unpaired t-test were 
used for comparisons between groups (trained vs untrained). 
Relationships between variables were evaluated using the Pearson 
product moment correlation. Statistical significance was accepted at 5% 
level (p<0.05). Values are presented as Mean±SEM. 
7.3. RESULTS 
7.3.1. Body composition 
Although the BMI (Table 7.3.) was similar in the two groups, the trained 
individuals had smaller skinfold thickness at the four measured sites and 
consequently smaller sum of skinfold thickness than the untrained 
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individuals (Table 7.3.). Based on the skinfold measurements, it was 
estimated that the fat mass and the percentage of fat mass were lower for 
the trained than for the untrained individuals, while no significant 
difference was observed in the fat-free mass between the two groups (Table 
7.3.). Neither the circumferences at waist or hip or their ratio (WHR) 
differed between groups (Table 7.3.). 
7. 3. 2. Cardiorespiratory and metabolic responses during 
exercise between the two groups 
The 90 min of walking performed on day 1 represented 61.4±0.8% and 
62.9±1.7% of V02max in the trained and untrained groups respectively 
(NS). The average V02 and heart rate values (Table 7.4.) were significantly 
(p<0.05) different between the two groups, while no difference was found 
in the respiratory exchange ratio (Fig. 7.2.; Table 7.4.) and rating of 
perceived exertion values (Table 7.4.). As the time of walking was 
progressed there was a gradual increase (p<O.OI) for the V02, HR, RPE 
values and a decrease (p<O.05) for the R value towards the last half hour in 
both groups. 
Table 7.3. Body compositional characteristics of the trained and 
untrained groups (Mean±SEM) 
TRAINED UNTRAINED 
Biceps (mm) 5.4±O.6 B.4±O.7" 
Triceps (mm) 1O.2±O.B 13.4±O.B" 
Subscapular (mm) 9.2±O.9 13.2±1.0" 
Supra iliac (mm) B.O±O.7 12.2±1.1" 
Lskinfolds (mm) 32.B±2.2 47.2±2.9" 
Body mass (kg) 59.3±1.B 62.2±2.9 
Fat Free Mass (kg) 45.3±1.5 43.B±1.7 
Fat Mass (kg) 14.0±0.6 lB.4±1.3" 
% Body Fat 23.7±O.6 29.3±1.0" 
BMI (kg.m-2) 22.2±O.3 22.9±O.6 
Waist circumference (cm) 71.2±O.6 72.B±O.2 
Hip circumference (cm) 95.2±O.7 9B.4±2.1 
Ratio of circumference O.75±O.O4 O.74±O.Ol 
at waist and hip 
• p<0.05 from trained group 
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Table 7.4. A verage values for oxygen uptake (VO 2), respiratory 
exchange ratio (R), heart rate (HR) and rating of perceived exertion 
(RPE) during the 90 min of walking in the trained and untrained groups. 
(Mean±SEM) 
Trained . 
Untrained 
\70:2 
ml· kg-I. min-! 
30.9±1.3 
19.9±0.7 * 
R 
0.90±O.01 
0.90±O.01 
HR 
beat· min-! 
135±2 
145±2* 
* p< 0.01 from trained group 
0.94 
0.92 
0.86 
0.84 
15 
! 
30 45 60 75 
TIME (min) 
90 
RPE 
11.9±0.4 
12.3±0.5 
Fig. 7.2. Respiratory· exchange ratio (R) during the 90 min of walking 
in the trained (,1) and untrained (D) groups. (Mean±SEM) 
The trained individuals oxidised more CHO (p<O.OI) and fat (p<0.05) per 
min during the walking compared to the untrained, averaging 1.45±0.13 
g·min-! and 0.31±0.02 g·min-! for the trained; 0.96±0.09 g·min-! and 
0.22±0.03 g·min-! for the untrained, respectively (Fig. 7.3.). It was estimated 
that 34.6±3.7% and 34.4±4.3% of total energy was derived from fat in the 
trained and untrained groups respectively (NS). The energy expenditure 
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was significantly higher (p<O.01) in the trained compared to the untrained 
group (3377±170 kJ vs 2285±414 kJ). Blood lactate concentration was lower 
(p<O.05) in the trained compared to the untrained individuals (Fig. 7.4.). In 
both groups, all the sampling points during the walking were elevated 
(p<O.01) above baseline. 
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REST 30 60 90 
TIME (min) 
Fig. 7.4. Blood lactate* concentration during the 90 min of walking in 
the trained (LI) and untrained (D) groups. (Mean±SEM) * p<O.OS mean 
concentrations different between groups 
7.3.3. Fasting serum lipid concentrations on day 2 
No significant differences were found in the fasting serum lipids 
concentrations between the two groups (Table 7.5.). In both groups, serum 
TAG concentration after the exercise trial was 26% and 16% lower (p<O.05) 
than after the control trial for trained and untrained groups respectively 
(Table 7.5.). Serum FFA concentration was higher (p<O.05) after the 
exercise than after the control trial in the trained group. 
Table 7.5. Fasting serum lipid concentrations in the exercise and control 
trials, for trained and untrained groups. (Mean±SEM) 
TRAINED UNTRAINED 
Values Control Exercise Control Exercise 
TAG 0.67±0.06 0.49±0.03· 0.75±O.09 0.63±0.09· 
TC 4.09±0.23 4.1S±0.2S 4.79±O.24 4.64±O.23 
HDL-C 1.57±0.11 1.63±0.11 1.66±O.08 1.63±0.08 
HDL2-C 0.15±0.03 0.18±0.OS 0.22±O.03 0.17+0.04 
FFA 0.49±0.06 O.64±O.OS· 0.S8±O.06 0.66±O.06 
LDL-C 2.83±0.23 2.74±0.26 2.79±O.27 2.72±O.25 
Insulin S.53±0.48 S.54±O.5S 4.89±O.41 4.85±O.55 
• p<0.05 from corresponding control trial within group. All values are expressed in mmol·I· 1 
apart from insulin in IlU'ml'\ 
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7.3.4. Serum responses after the ingestion of the meal 
Changes in plasma volume during the period of the fat tolerance tests did 
not differ between the exercise and control trials in both groups (trained: 
-1.4±l.S% and -1.8±1.2% for the exercise and control trials respectively and 
untrained: -2.0±1.0% and -1.8±1.3% for the exercise and control trials 
respectively), and therefore serum lipid, lipoprotein, glucose and insulin 
concentrations were not adjusted. 
No significant difference was found between the two groups for serum 
TAG concentration (Fig. 7.5.). TAG values after the exercise trial were 
significantly lower (interaction, p<O.Ol) than after control in the trained 
group (Fig. 7.5.). In both groups, serum TAG concentration increased 
significantly (p<O.Ol) after the ingestion of the meal in both trials, reaching 
a peak 2 to 4 hours and remaining elevated during the 6 hour observation 
period. The indices of postprandial lipaemia after the exercise trial were 
significantly lower (p<O.OS) for the trained than for the untrained group 
whereas no difference was found between groups for the control trial 
(Table 7.6.). In both groups these indices were lower in the exercise 
compared with the control trial (Table 7.6.). 
TRAINED UNTRAINED 
SERUM TAG (mmol.l-l) SERUM TAG (mmol·l·l) 
1. 75 1. 75 T T T 
1.50 1.50 T ... T 
T 
1.25 1.2;5 1 1 
1.00 • 1.00 
• 
0.75 O.7S 
0.50 O.SO 
0.25 i i i i i i i 0.25 i i i i i i 
0 1 2 3 4 5 6 0 2 3 4 5 6 
TIME (hours) TIME (hours) 
Fig_ 7.5. Serum triacylglycerol (TAG) concentration before and after the 
ingestion of the meal in the control (open symbols) and exercise (filled 
symbols) trials for the trained (left) and untrained (right) groups 
(Mean±SEM) ·p<O.Ol from control trial 
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Table 7.6. Incremental and total areas under the TAG-time curve, peak 
TAG concentration and maximal TAG increase in the exercise and 
control trials, for the trained and untrained individuals who took part in 
the study. (Mean:f:SEM) 
TRAINED 
Incremental 
area 
(mmol·I-1.h) 
E 1.92±O.18·t 
C 2.92±O.25 
UNTRAINED 
E 3.23±0.48t 
C 3.86±O.54 
Total 
area 
(mmol·I-1.h) 
4.87±O.33·t 
6.96±o.48 
7.01±O.79t 
8.36±o.83 
Peak 
TAG 
(mmol·l-I ) 
1.04±O.06·t 
1.46±O.10 
1.55±O.1?t 
1. 79±O. 19 
Maximal 
TAG increase 
(mmol·l-I ) 
O.50±O.04·t 
O.72±O.06 
O.83±O.13t 
O.96±O.14 
·p<O.05 from exercise trial of untrained group; tp<O.05 from corresponding control trial 
within groups 
No significant difference in changes over time was found between trials or 
between groups in either serum total cholesterol, HDL-C, HDL2-C (Table 
7.7.) and FFA (Fig. 7.6.) concentrations after the consumption of the test 
meal. In both groups, serum TC concentration increased (p<O.Ol) from 
baseline soon after the ingestion of the meal and remained elevated 
(p<O.Ol) for the whole 6 hour observation period in the exercise and 
control trials. Serum HDL-C (untrained group only) and HDL2-C (both 
groups) concentrations increased significantly (p<O.05) above baseline 
during the last two hours after the ingestion of the meal in both trials. 
In both groups mean postprandial values of serum FFA concentrations 
were higher (p<O.05) in the exercise compared to the control trial. In both 
groups, serum FFA concentration dropped (p<O.Ol) from baseline half and 
1 hour following the ingestion of the meal and increased (p<O.Ol) above 
fasting levels in the last 2 hours in both the exercise and control trials. 
Table 7.7. Serum concentrations of total cholesterol (I'C), high density lipoprotein cholesterol (HDL-C) and HDL2-C after the 
ingestion of the test meal in the exercise (E) and control (C) trials, for the trained and untrained groups. (Mean±SEM) 
Values 0.5 hour 1 hour 2 hours 3 hours 4 hours 5 hours 6 hours 
TRAINED 
re E 4.30±0.26 4.30±0.27 4.3l±0.27 4.26±O.22 4.33±O.24 4.32±0.24 4.34±0.25 
(mmoH-l) C 4.30±0.24 4.28±0.25 4.23±0.23 4.26±O.22 4.23±O.23 4.21±0.21 4.22±0.22 
HDL-C E 1.66±O.11 1.65±0.11 1.63±0.11 1.63±0.11 l.64±O.l1 1.64±0.11 1.66±0.11 
(mmo\·l-l) C 1.61±O.13 1.60±0.1l 1.58±0.1l 1.56±0.1l 1.55±O.12 1.55±0.1l 1.58±0.1l 
HDL2-C E 0.20±0.05 0.23±0.04 0.23±0.05 0.24±0.05 0.28±O.05 0.24±0.05 0.26±0.05 
(mmoH-l) C 0.15±O.04 0.18±0.04 0.18±0.04 0.18±0.03 O.23±O.O4 O.24±O.O5 O.25±O.O4 
UNTRAINED 
re E 4.92±0.24 4.85±0.24 4.82±0.22 4.77±O.23 4.77±O.22 4.79±0.24 4.79±0.24 
(mmoH-l) C 4.98±O.27 5.02±0.27 4.97±0.27 4.94±0.28 4.87±0.28 4.96+0.26 4.99±0.27 
HDL-C E 1.72±O.09 1.70±0.08 1.67±0.09 1.66±0.09 1.66±O.09 1.65±0.09 1.67±O.1O 
(mmoH-l) C 1.70±0.09 1.67±0.09 1.66±0.09 1.66±O.10 1.60±0.1l 1.66±0.10 1.65±0.1l 
HDL2-C E 0.19±0.04 0.22±0.03 0.22±0.04 0.24±0.03 0.27±O.04 O.23±O.04 0.23±0.06 
(mmol'l-l ) C 0.20±0.04 0.20±0.05 0.25±0.05 0.24±O.O4 O.29±O.O5 O.28±O.O5 O.26±O.O5 
>-' 
<J1 
0\ 
--- ._--------
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No significant difference was found for plasma glucose concentration 
between groups (Fig. 7.6.). However, a significant interaction was found for 
plasma glucose concentration in the untrained group, value at the second 
hour after the ingestion of the meal was lower (p<0.05) in the control 
compared to the exercise trial (Fig. 7.6.). 
Serum concentrations of insulin for the trained and untrained groups are 
presented in Fig. 7.6. A significant difference in changes over time was 
found for insulin concentration between groups. Thus, values at 1 hour 
(exercise trial) and 2 hours (exercise and control trials) were significantly 
lower (p<0.05) for the trained than for the untrained group. A significant 
difference in changes over time was found between trials for the trained 
group, values at half and 1 hour were 35% lower (p<O.OI) in the exercise 
compared to the control trial (Fig. 7.6.). No significant difference was 
observed between trials for the untrained group (Fig. 7.6.). In both groups, 
serum insulin concentration increased (p<O.OI) above baseline during the 
first two hours after the consumption of the meal and returned towards 
fasting levels by 4 hours, in both trials. 
The incremental and total areas under the insulin-time curve were 
significantly (p<O.OI) lower for the exercise trial for the trained than for the 
untrained group (Fig. 7.7), while no difference was found between groups 
for the control trial. For the trained group, the incremental and total areas 
were 38% and 20% lower than control in the exercise trial respectively (Fig. 
7.7.). 
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Fig. 7.6. Plasma glucose (top), serum insulin (middle) and free fatty 
acid (FFA, bottom) concentrations before and after the ingestion of the 
meal in the control (open symbols) and exercise (filled. symbols) trials, 
for the trained (left) and untrained (right) groups (Mean±SEM) .p<O.05 
from control within the untrained group; tp<O.OJ from control within the trained 
group 
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Fig. 7.7. Incremental and total areas under the insulin-time curve in the 
exercise and control trials, for the trained and untrained groups. 
(Mean±SEM) * p<O.OI from corresponding trained; t p<O.05 from 
control trial within trained group 
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7.3.5. Metabolic responses before and after the ingestion of the 
meal 
No significant differences were found between the two groups in the 
mean values of V02, fat and CHO oxidation rates (Table 7.8.) as well as in 
the R value (Fig. 7.8.) and the percentages of CHO and fat oxidised (Fig. 
7.9.) both before and after the ingestion of the meal. 
In both groups the mean fat oxidation rate was higher (p<O.OS) and the 
mean values of Rand CHO oxidation rate (trained group only) were lower 
(p<O.OS) for the exercise than for the control trial (Fig. 7.8.; 7.9. and Table 
7.8.). V02 and R values and CHO oxidation rate increased (p<O.OS) after the 
ingestion of the meal and remained elevated until the end of the 
observation period (apart from R value that returned towards baseline 
within 4 hours). 
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Fig. 7.8. Respiratory exchange ratio· before and after the ingestion of 
the meal in the control (open symbols) and exercise (filled symbols) 
trials, for the trained (left) and untrained (right) group. (Mean±SEM) 
·p<O.OS mean values of exercise trial from control for both groups 
Knowing the total amount of fat and CHO ingested and oxidised, the 
amount of their storage was calculated. The total amount of fat and CHO 
oxidised and stored was not significant different between the two groups. 
Fat oxidation was higher and fat storage lower (p<O.Ol) after the exercise 
than after the control trial within each group (Fig. 7.9.), whereas CHO 
oxidation and storage differed between trials in the trained group only. 
Table 7.8. Oxygen uptake (V02), fat and carbohydrate (CHO) oxidation rates before and after the ingestion of the test meal 
for trained and untrained groups in the exercise (E) and control (C) trials. (Mean±SEM) 
FASTING POSTPRANDIAL PERIOD 
Values 0.5 hour 1 hour 2 hours 3 hours 4 hours 5 hours 6 hours 
TRAINED 
VOz E O.16±O.OI O.t9±O.OI O.2D±D.Ot O.2D±D.OI O.20±O.OI O.17±O.01 O.tB±O.OI O.IB±O.OI 
(I'min-I ) C O.14±O.OI O.IB±O.OI O.19±O.01 O.t9±O.OI O.t7±O.OI O.16±O.Ot O.15±O.01 O.15±O.OI 
FAT E' O.07±O.OI O.07±O.OI O.06±O.Ot O.07±O.OI O.OB±O.Ot O.07±O.OI O.OB±O.OI O.O7±O.01 
(g'min-I ) C O.04±O.Ot O.05±O.OI O.04±O.OI O.O5±O.01 O.05±O.OI O.06±O.OI O.05±O.Ot O.05±O.OI 
CHO E' O.04±O.O2 O.07±O.OI O.O9±O.O2 O.08±O.OI O.05±O.OI O.04±O.OI O.04±O.OI O.04±O.OI 
(g'min-I ) C O.O8±O.O2 O.11±O.O2 O.14±O.03 O.12±O.O2 O.tO±O.02 O.05±O.OI O.O7±O.O2 O.O6±O.O2 
UNTRAINED 
VOz E O.16±O.OI O.19±O.O2 O.2D±D.02 O.21±O.O2 O.I9±O.Ot O.18±O.O2 O.18±O.01 O.18±O.OI 
(I·min-I ) C O.14±O.01 O.18±O.OI O.17±O.OI O.t7±O.OI O.18±O.OI O.I7±O.01 O.17±O.OI O.17±O.OI 
FAT E- O.OB±O.OI O.07±O.OI O.07±O.OI O.06±O.OI O.06±O.Ot O.07±O.OI O.07±O.OI O.07±O.OI 
(g'min-I ) C O.05±O.DJ O.06±O.OI O.05±O.OI O.04±O.Ot O.05±O.OI O.05±O.DJ O.06±O.OI O.06±O.OI 
CHO E O.02±O.OI O.O7±O.O2 O.O9±O.O2 O.l1±O.O2 O.O9±O.O2 O.O7±O.O2 O.O6±O.O2 O.O6±O.O2 
(g'min-I ) C O.04±O.DJ O.OB±O.01 O.ID±D.02 O.t2±O.02 O.09±O.OI O.09±O.OI O.06±O.OI O.07±O.OI 
• p<0.05 from corresponding control trial within group 
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Fig. 7.9. Total fat oxidised (g and percentage) and stored (g and 
percentage) in the postprandial period in the exercise (top) and the 
control (bottom) trials for the trained and untrained groups. 
(Mean±SEM) ·p<O.05 from corresponding control values within groups 
7.3.6. Dietary analysis 
The average energy, protein, CHO and fat intake values for the three days 
prior to each fat tolerance test, for both groups are presented in Table 7.9. 
The average energy and CHO intakes 3 days prior to each fat meal were 
significantly (p<O.05) higher in the trained compared to the untrained 
group. No other significant differences were found between groups. In 
addition no differences were found between the exercise and control trials 
for both groups. 
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Table 7.9. Total daily amount of energy, protein, carbohydrate (CHO) 
and fat intake for both the 3 days (average) prior to each fat tolerance 
test and for the rest of the day following the end of the walking in the 
exercise trial or rest in the control trial on day J, for the trained and 
untrained groups. (Mean±SEM) 
ENERGY PROTEIN CHO FAT 
kJ g g g 
Average of 3 days 
TRAINED 
E 9428±1084* 79±8 322±45* 81±12 
C 9013±1074 77±8 312±46* 75±12 
UNTRAINED 
E 6426±706 69±6 206±17 76±9 
C 7755±613 70±6 219±18 81±11 
Remainder of the day after walking or rest 
TRAINED 
E 4847±680 39±6 152±27 46±9 
C 4458±733 38±6 132±30 42±10 
UNTRAINED 
E 3608±467 41±7 101±18 35±7 
C 3293±524 37±6 103±21 41±7 
* p<0.05 from untrained group 
The percentage of CHO intake (Fig. 7.10.) was also higher (p<0.05) in the 
trained compared to the untrained groups, while no other differences 
were observed for either between groups or between trials for the 
percentage of energy intake from fat and protein (Fig. 7.10.). Dietary 
patterns were also analysed on day 1, for the period after the end of the 
walking session or rest. This dietary analysis showed that there was no 
significant difference in the nutrient intake and the percentages of energy 
derived from CHO, fat and protein between groups or between trials (Table 
7.9. and Fig. 7.10.). 
Apoprotein E phenotyping for the trained and untrained individuals who 
participated in the present study is presented in Table 7.10. 
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53.8±3.4%* 15.9±1.4% 
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14.I±O.9% 
49.7±5.1 
44.0±4.5% 
.9±5.1% 
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Fig. 7.10. Average percentages of energy intake from protein (PRO), 
carbohydrate (CHO) and fat for the 3 days (top), and for the period 
following the end of the exercise or rest (bottom) on day 1, for the 
trained and untrained groups. (Mean:tSEM) *p<0.05 from untrained 
group (values are presented as the average of exercise and control trials, as no 
differences were observed between these trials) 
Table 7.10. Apolipoprotein E phenotyping for the trained and the 
untrained groups 
2-3 3-3 4-3 
TRAINED 1 6 2 
UNTRAINED 1 9 3 
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7.3.7. Correlations 
Various body composition parameters (Le. body fatness; circumference at 
the waist and hip; skinfold thicknesses) were correlated with the fasting 
serum insulin concentration in both groups, as it has been previously 
suggested. No effect of age or \l02max was evident on the metabolic 
responses to the meal in both groups. 
In the control trial, fasting TAG concentration was positively correlated 
with the total area under the TAG-time curve (r=O.77, p<O.Ol) for all the 22 
subjects who participated in the present study. Ir the same trial, it was also 
found that the postprandial \102 responses were significantly related to the 
total amount of fat oxidised during this period (r=O.69, p<O.Ol). Similar 
correlations were found for all the 22 subjects during the exercise trial. 
Thus, the postprandial \102 value was positively related to the total 
amount of fat (r=O.55, p<O.05) and CHO (r=0.58, p<O.05) oxidised during the 
period after the ingestion of the meal. 
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7.4. DISCUSSION 
This study was designed to compare the lipaemic and metabolic responses 
to a fatty meal in endurance trained and untrained middle aged women, 
when a single bout of moderate intensity walking was performed 16 hours 
prior to the ingestion of the meal (acute effects). Trained subjects came to 
the laboratory for the control trial approximately 66 hours after their last 
training session. With such a long interval any influences from the acute 
effect of their last training session should have been removed and only 
the general adaptations of training should be present. By comparing the 
lipaemic responses to the meal, between the trained and untrained 
individuals, 66 hours after the last training session, a second purpose of 
the study was to determine whether training status was associated with a 
long - lasting chronic effect on postprandial lipaemia independent of the 
last exercise bout. The two groups were of comparable body mass, FFM, 
BMI but they differed significantly in the body fatness and the percentage 
of body fat parameters. 
It is known that endurance training is associated with changes in the 
cardiorespiratory system and in the metabolic character of skeletal muscle 
(Holloszy, 1988). These changes could explain the different responses that 
were observed during the 90 min of walking between the two groups. 
Despite the fact that both groups worked at the same relative intensity 
(61 % V02max), trained individuals had a significantly greater absolute V~ 
during the walking exercise as a result of their higher V02max and a lower 
HR response due to their lower sympathoadrenal activity compared to 
untrained. Additionally, the trained subjects had a significantly lower 
blood lactate concentration compared to the untrained group (1.5±0.2 
mmoH-1 vs 2.1±0.2 mmol·l- l p<0.05). The greater absolute V02 for the 
trained group was a consequence of the higher absolute exercise intensity 
(speed: 1.65 ± 0.04 m's- l vs 1.39 ± 0.04 m's- l and grade: 11.0 ± 0.8% vs 7.8 ± 
0.7% for the trained and untrained groups, respectively) and can be 
translated into a markedly higher energy .expenditure compared to 
untrained (3377 ± 170 kJ vs 2285 ± 414 kJ, p<0.05). An interesting point was 
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that the mean R value during exercise at the same relative intensity was 
similar for the two groups (0.90 ± 0.01) indicating a similar percentage 
contribution of fat (34%) and CHO (66%) to energy metabolism. However, 
both the total grams of fat and CHO oxidised were higher in the trained 
compared to the untrained group due to their higher absolute V02. A 
possible explanation for the similar R value of trained and untrained 
groups, may be the intensity (60% V02max) at which the walking exercise 
was performed, since even untrained people are able to metabolise some 
amount of fat during this intensity. Although the percentage of fat 
oxidised was similar between the two groups, it may be speculated that the 
relative proportion of plasma (adipose tissue) and intramuscular sources 
of fatty acids that were oxidised was different as a result of the training 
status. The trained women have probably utilised, therefore, more 
intramuscular fat stores, predominantly supplied by the high oxidative 
Type I fibres (Essen et ai., 1975; Lithell et al., 1979), whereas the untrained 
women have utilised more plasma FFA supplied by the adipose tissue 
Qansson and Kaijser, 1987; Hurley et ai., 1986; Martin et al., 1993; Klein et 
al., 1994). 
Endurance training status may have a long-term impact on lipoprotein 
metabolism through an effect on the activity of LPL. This is because the 
enzyme is located on the endothelial cells of the capillaries (Eckel, 1989). 
The increase in the number of capillaries around each fibre as a result of 
training (Ingjer, 1979) may provide more binding sites for the enzyme. 
Indeed, a high correlation has been found between the skeletal muscle LPL 
activity and the capillary density (Kiens and Lithell, 1989; Lithell et ai., 
1981b). It has been also found that endurance trained individuals exhibit a 
higher LPL activity compared to untrained in both the plasma and the 
skeletal muscle (Nikkila et ai., 1978; Podl et ai., 1994; Herbert et al., 1984; 
Williams et al., 1986). Despite the above association between training 
status and elevated LPL activity and by considering the fact that LPL was 
not measured in the current study, the present findings seem to indicate 
the importance of the most recent exercise bout on the enhanced removal 
of TAG in the trained individuals. This was based on the fact that the 
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magnitude of postprandial lipaemia was not significantly different 
between the trained and untrained individuals, when the serum TAG 
responses were measured 66 hours after the last training session (control 
trial). Evidence from cross sectional comparisons between trained and 
untrained individuals (Sady et al., 1988; Thompson et ai., 1991; Podl et al., 
1994; Cohen et al., 1989; Merill et al., 1989) does not seem to agree with the 
present findings. All of the above studies, however, have measured the 
lipid responses of the trained individuals soon after the end of their 
training session 00-12 hours) which could reflect the influence of the last 
bout of exercise as well as the chronic effect of training. This may be a 
reason why the present results -measured 66 hours after the last training 
session- differed from the above studies. This is in agreement with two 
recent studies (Aldred et al., 1995; Herd et ai., 1995) that showed the 
importance of taking into account the effects of the recent exercise bouts. 
These authors did not find an effect of 12 weeks of training on lipaemia, 
when the serum TAG concentrations were measured 48 hours after the 
last training session. 
In the present study the postprandial lipaemia was 41 % lower (p<0.05) 16 
hours after the walking in trained compared to the untrained individuals, 
indicating an acute effect of exercise on serum TAG. The lower lipaemic 
response to the meal after the walking exercise in the trained corn pared to 
the untrained individuals may be the result of a higher TAG removal 
capacity probably mediated by a higher LPL activity (previous discussions 
Chapters V and VI). It should be noted that this reduction was evident 
despite the fact that the trained group ingested the same amount of fat 
compared with the untrained (meal was given according to FFM which 
was not different between groups). It could be assumed that the higher LPL 
activity of the trained individuals was the result of the acute effect of 
exercise per se on its activity as previously reported (Kantor et ai., 1984; 
1987; Lithell et al., 1981a;1984; Sady et al., 1986), possibly facilitated by a 
chronic effect of training on muscle capilJarisation (Kiens and Lithell, 
1989; Lithell et al., 1981b). The enhanced LPL activity may have led to the 
replenishment of the intramuscular TAG stores of the trained group that 
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have been utilised during the walking (Lithell et ai., 1979; Hurley et al., 
1986; Jansson and Kaijser, 1987; Klein et aI., 1994), as mentioned 
previously. Comparisons within groups (exercise vs control trial) 
reproduced the same findings in middle aged women as in the previous 
studies (Chapters V and VI) conducted in young adults. Therefore, ageing 
does not appear to diminish the potential of exercise to reduce 
postprandial lipaemia. 
The effect of training status on fasting serum lipid concentrations was also 
examined in the present study. Fasting concentrations of serum lipids 
were compared between the two groups in the control trial only (subjects 
refrained from exercise for 66 hours). These lipids and lipoproteins were 
found not to be significantly different between the trained and untrained 
groups. This was surprising in the light of evidence that endurance 
trained individuals are characterised by a lower concentration of TAG, TC, 
LDL-C and VLDL-C and by a higher HDL-C concentration and its 
subfraction than untrained, despite increasing age (Martin et ai., 1977; 
Wood et al., 1976; Williams et al., 1986; Morgan et ai., 1986). Several 
explanations may be considered for the lack of difference in lipids between 
the two groups. First of all, this lack may be related to the study design, as 
both groups were selected to be healthy, non-smokers, normotensive and 
non-obese. This is reflected by the fact that they had lipid values within 
the normal range for their age (Mann et ai., 1988). Another reason for the 
similar lipid responses of the two groups may be the mixed level of 
physical fitness of the untrained group (7 inactive, 4 recreationally active 
twice per week and 2 between the above two categories) which may have 
confounded the true comparisons between groups. 
HDL-C concentration has been reported to be influenced by changes in 
body composition i.e. body mass, fatness, BM! and WHR (Wood et al., 
1985). In the present study, the trained subjects had similar body mass, BMI 
and WHR values with the untrained, but they had significantly lower 
body fatness. The percentage of body fat (29%) of the untrained group, 
however, was below to that reported for middle aged women of the same 
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age (36%) in the National Fitness Survey (1992) indicating that the current 
untrained group had less fat than the average women of their age. The 
small difference (5%) in the percentage of fat between the two groups may 
be another reason for the lack of difference on fasting lipid and lipoprotein 
concentrations, if the body composition effect on lipids is taken into 
account. Finally, the fact that the comparisons were made 66 hours after 
the last training session may indicate that the beneficial effect of training 
on fasting lipids has disappeared and this factor could account for the lack 
of differences in fasting lipids between the two groups. 
Both the incremental and the total insulin responses to the meal were 
significantly lower in the trained compared to the untrained group (48% 
and 26%, respectively) following the walking exercise. This finding ties in 
with the well documented enhanced insulin action of endurance trained 
individuals 12-24 hours (Burstein et aI., 1985; Lohmann et al., 1978; 
LeBlanc et al., 1981; King et al., 1987) or 24-54 hours (Young et al., 1989; 
Rodnick et aI., 1987; Ebeling et al., 1993) after an acute bout of exercise. This 
enhanced insulin action of athletes in the above studies was examined by 
using the oral or intravenous glucose tolerance test or the euglycaemic 
clamp procedure. The two proposed mechanisms for the decreased insulin 
response of the trained individuals, i.e. a reduced insulin secretion from 
pancreas and an increased sensitivity of skeletal muscle to insulin (King et 
aI., 1987; 1988; 1995; Heath et al., 1983) mediated by binding (LeBlanc et a/., 
1979) or post binding (Ebeling et al., 1993) events, may explain the present 
results. Despite the well established enhanced insulin action of trained 
individuals, it is still debated whether this action reflects a long term 
adaptation to training or is a consequence of the latest acute bout of 
exercise. The present results seems to agree with the latter suggestion. 
Although the magnitude of the postprandial insulin response of the 
trained group was lower compared to the untrained 16 hours after the 
walking, this response did not differ when comparisons between the two 
groups were made when athletes had refrained from training for 66 hours. 
This finding is in agreement with other studies which have shown that 
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the residual effects of the last bout of exercise play an important role in 
accounting for the markedly blunted insulin response in trained 
individuals (LeBlanc et al., 1981; Heath et al., 1983; Mikines et al., 1988). In 
addition, the findings of other studies that the effect of training on insulin 
sensitivity is short lived (LeBlanc et al., 1981; Heath et aI., 1983; Burstein et 
aI., 1985; King et al., 1988; Os hid a et al., 1991) may support the idea of an 
acute effect of exercise and may also explain the lack of difference in 
insulin response between the two groups on the control trial. 
Comparisons within the untrained group showed that the postprandial 
insulin response was similar after the exercise compared to the control 
trial. This is surprising since an acute effect of exercise on insulin response 
has been previously reported in untrained individuals (LeBlanc et aI., 
1981; Mikines et al., 1988; Young et al., 1989). The fact that the untrained 
individuals of the present study were older (44 years) than those in the 
above studies (21-30 years), associated with the fact that insulin resistance 
increases with age (Fink et al., 1983), may be a reason why an effect of 
exercise was not evident in this group of relatively untrained middle aged 
women. In addition, the mixed physical fitness levels of the untrained 
individuals could have confounded the effect of exercise on the insulin 
response. Indeed, when the 13 untrained subjects were divided into the 
most (n=6) and least (n=7) active groups, the mean fasting serum insulin 
concentration and the mean total area under the insulin time curve 
tended to be lower (3.60 ~U·ml·l and 75.2 ~U·ml-l·h) for the most active 
and higher (5.92 ~U·ml-l and 84.7 ~U·ml-l·h) for the least active after the 
exercise trial, indicating that the mixed fitness level may have offset an 
effect of exercise on insulin. 
Consistent with previous findings (Chapter VI), the RMR and the thermic 
effect of meal 16 hours after the moderate intensity walking did not differ 
from the control trial within both groups. As previously suggested 
(Poehlman, 1989; Tredway and Young 1990) a more intense (>70% V02max) 
exercise bout must be performed to significantly enhance the energy 
expenditure in the la ter postexercise recovery period and this effect 
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appears most pronounced in the first 12 hours postexercise (Bahr et al., 
1987; Maehlum et al., 1986). The influence of training status on RMR is 
unclear. An elevated RMR has been observed in endurance trained 
compared with untrained individuals in some studies (Tremblay et al., 
1985; Poehlman et al., 1988; 1989; 1990; 1992; Ravussin and Bogardus, 1989; 
Bullough et al., 1995), but not in others (Le Blanc et aI., 1984; Hill et aI., 
1984; Broeder et al., 1992; Bennett et al., 1992). In the current study, when 
baseline V02 was measured either 16 hours after the walking (exercise 
trial) or 66 hours after the last training session (control trial) it did not 
differ between the two groups. Evidence from other studies (Chad and 
Quigley, 1991; Frey et al., 1993) may indicate that the EPOC was different 
between the two groups in the early postexercise recovery period in which 
no measurements were made. The greater energy expenditure of the 
trained group during the walking, associated with the fact that EPOC is 
intensity dependent (Frey et al., 1993), may be in line with the above 
suggestion. One reason which does not seem to account for the lack of 
difference on RMR between the two groups could be the FFM. Although it 
is well known that FFM is the major determinant of RMR (Webb, 1981), 
the groups did not differ in their quantity of FFM and this could explain 
the similar responses between the two groups. In addition, no correlations 
were found between the RMR and the FFM values. As expected, V~ 
values increased immediately after the ingestion of the meal in all trials; 
however, no difference was found between the two groups in the thermic 
effect of the meal which is in agreement wi~h some investigators (Bennett 
et al., 1992; Segal et aI., 1990) but in contrast with others (Hill et aI., 1984; 
Poehlman et al., 1988; 1989; Tremblay et aI., 1983; LeBlanc et al., 1984). The 
fact that the meal was administered according to the "metabolically active 
size" of the subjects, may be a reason for the lack of differences between 
groups. 
Assuming that all of the fat ingested with the meal has left the intestine 
within 6 hours (or the same amount of fat has been left in the intestine in 
all trials), the fate of ingested fat can be estimated. The total postprandial 
fat and CHO oxidation and storage (Fig. 7.9.) did not differ significantly 
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between the two groups. However, an amount of ingested fat is "stored" in 
the blood at the different time points. Since, the trained group exhibited a 
lower lipaemic response in the exercise trial compared with the untrained 
group, this may indicate that there was a faster rate of storage in the 
former group (assuming similar rates of TAG output from the intestine). 
In addition, as the trained individuals were relied more on their 
intramuscular fat stores during the walking exercise (Hurley et aI., 1986) 
and they expended more energy (and fat) compared with the untrained 
group, it may be speculated that a greater proportion of the fat storage 
occurred in their skeletal muscles. When comparisons were made within 
groups more fat was oxidised and less was stored than the control after the 
exercise trial, consistent with the previous Chapter (VI) and some other 
studies which have found an enhanced fat oxidation in the long term 
postexercise period (Bielinski et al., 1985; Bahr et al., 1987; Maehlum et al., 
1986; Hermansen et al., 1984). 
In summary, the present results showed that an acute bout of moderate 
intensity walking was able to reduce the lipaemic responses and to 
enhance fat oxidation after the ingestion of a fatty meal in both previously 
trained or untrained middle aged women. In addition, the endurance 
trained group had a lower lipaemic and insulinaemic response to the meal 
compared to the untrained group, matched for age, BMI, WHR and FFM 
but not for body fat mass, which was due to an acute effect of exercise. 
When lipid, lipoprotein, insulin and metabolic responses to the meal 
were measured 66 hours after the last training session of the trained 
group, a long term effect of the training status was not evident in the 
present study. 
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CHAPTER VIII 
GENERAL DISCUSSION 
The aim of this chapter is to provide an overview and integrate the 
findings of the studies conducted in this thesis, which examined the 
influence of the intensity of walking and training status on lipoprotein 
metabolism in the fasted and postprandial states. 
The results of the first study (Chapter IV) showed that when prolonged 
low and moderate intensity walking bouts were performed for 90 min an 
effect of exercise intensity was not evident on serum lipid and lipoprotein 
concentrations in the fasted state. Both bouts, however, reduced (p<0.05) 
the serum TAG concen tra tion 24 hours after exercise (21 % after MI and 
15% after LI). In addition serum TAG concentrations decreased (17-20%) 
significantly immediately and 1 hour after the moderate intensity trial. 
The lack of an effect of exercise intensity on serum lipids could suggest 
that the fasted state may not be a very sensitive model for the examination 
of lipoprotein metabolism (Patsch et al., 1983). In contrast, the postprandial 
state considerably stresses the TAG metabolism and also reflects a more 
real-life situation, since most people spend three quarters of a day under 
this state. It is important to note that serum' TAG levels may remain 
elevated for up to 12 hours after a fat load in normal subjects (Weintraub 
et al., 1987a) and evidence from clinical studies has shown that patients 
with coronary obstructions have a delayed clearance of postprandial 
plasma TAG concentration (Patsch et aI., 1992; Karpe et aI., 1994; Groot et 
aI., 1991). It was decided therefore to examine serum lipoprotein 
metabolism following the ingestion of a high fat meal, in order to stress 
considerably the TAG metabolic system. In this model, the exercise bout 
was performed in the afternoon, 16 hours prior to the ingestion of the fat 
meal, since the results of the first study have suggested that exercise may 
have a delayed effect on lipid and lipoprotein metabolism. 
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All the studies conducted in the postprandial state (Chapters V, VI and 
VII) demonstrated that a prolonged (90 min) bout of moderate intensity 
walking (60% V02max), performed 16 hours prior to the ingestion of a high 
fat meal, significantly attenuated both the fasting 06-35%) and the 
postprandial serum TAG responses 06-34%), as compared to a non 
exercise trial (control) in young adults (men and women) and endurance 
trained and untrained middle aged women. On the other hand, 180 min of 
low intensity walking (30% V02max) equally reduced the lipaemic 
responses to the fat meal, when the same energy as in the moderate 
intensity bout was expended (Chapter VI). This could explain why a 
similar low intensity exercise bout - performed for 90 min - had no effect 
on postprandial lipaemia since the energy expenditure was almost half 
compared with the moderate intensity bout (Chapter V). 
Another finding which was observed consistently in all the studies was 
that either moderate or low intensity exercise did not result in a significant 
increase, compared to the non-exercise trial, in the postprandial serum 
HDL-C or HDL2-C concentrations. This is surprising since the metabolism 
of TAG-rich lipoproteins is known to affect the concentration of HDL both 
via formation and catabolism of the susceptible fraction HDL2 
(Miesenbi:ick and Patsch, 1990); this is evident from the negative 
relationship reported between the magnitude of postprandial lipaemia 
and HDL or HDL2 concentrations (Patsch et aI., 1983; 1984; 1987). The 
serum cholesterol concentrations of HDL and HDL2 increased (p<0.05, 
Chapters V and VII) or tended to increase (NS, Chapter VI) towards the 
last hours after the ingestion of the meal after both the exercise and 
control trials, in the three postprandial studies. This fits well with the 
suggestion that these particles may require several hours (5-10) before 
being formed from the lipolytic degradation of TAG-rich lipoproteins after 
a fat load (Patsch et aI., 1984; Tall, 1986). This time effect indicates that a 
lack of difference between the trials in the present thesis was probably due 
to the fact that the po.stprandial period was not long enough to observe 
changes in the other serum lipoproteins. In addition, the inconsistency in 
the HDL-C response, which has been previously observed during the 
postprandial lipaemia i.e. an increase (Tall et aI., 1982), decrease (Miller et 
aI., 1993; 0' Meara et al., 1992; Dullart et al., 1989) or no change (Aldred et 
aI., 1994), may be another reason for the lack of an effect on HDL-C 
concentration in the present studies. 
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8.1. Possible mechanisms for the reduced serum TAG responses 
in the fasted and postprandial states 
Serum TAG concentration in the circulation reflects a balance between the 
rates of appearance and disappearance of TAG-rich lipoproteins, and a 
change in either rate could account for the lower response which was 
evident after exercise. As previously mentioned (Chapter V) fat 
appearance was likely to be the same between the exercise and control 
trials and therefore, it was suggested that the reduction of serum TAG 
responses which was observed both in the fasted and postprandial states 
after exercise may be due to an enhanced clearance of serum TAG by the 
peripheral tissues (skeletal muscle and/or adipose tissue). 
The main mechanism responsible for this enhanced clearance of TAG, 
may be an exercise induced elevation in the activity of the key enzyme 
involved in the hydrolysis of TAG-rich lipoproteins, namely LPL. An 
exercise induced elevation in LPL activity may have facilitated the 
removal of TAG from the circulation (Oscai et al., 1990). The mechanism 
by which exercise elevates the activity of LPL remains unknown, but two 
studies have suggested that this effect could be mediated through 
pretranslational control (Ladu et al., 1991; Seip et al., 1995). The enzyme 
activity per unit weight has been reported to be considerably lower in 
skeletal muscle than that found in adipose tissue (Borensztajn, 1987). 
However, because a large portion of the body mass is made up from slow 
twitch muscle fibres, the contribution that this tissue makes to the 
removal of TAG-rich lipoproteins from the circulation can be equal to or 
greater than that of adipose tissue (Borensztajn, 1987). This is in line with 
several studies that have shown that the TAG uptake from the circulation 
is highly related with the muscle LPL activity (Terjung et al., 1983; Tan et 
al., 1977; Linder et al., 1976; Lithell et al., 1978b). Most of the studies that 
have measured the LPL activity in the long term recovery after exercise 
have reported a significant increase in either the skeletal muscle (Lithell et 
al., 1981a; 1984; Jacobs et al., 1981; Seip et al., 1995) or in the plasma (Kantor 
et al., 1984; 1987; Sady et aI., 1986) LPL activity. On the other hand, there are 
only a few studies that have measured the LPL activity in adipose tissue. 
These studies found an increase in its activity immediately after exercise; 
its increase being much less remarkable than in the skeletal muscle 
(Taskinen et al., 1980; Lithell et al., 1979; Savard et aI., 1987). In the light of 
the above studies, it may be deduced that in the studies presented in this 
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thesis an elevated LPL activity may have occurred predominately in the 
skeletal muscle (Fig. 8.1.) during the postexercise recovery period, 
although measurements of this enzyme's activity were not made. 
Another explanation for the lower lipaemic response to the meal after 
either the moderate (Chapters V, VI and VII) or the low (Chapter VI) 
intensity exercise bouts could be the lower fasting serum TAG 
concentrations that were found several hours after the end of these 
exercise bouts. This lower TAG concentration in the fasting state may have 
facilitated the TAG removal in the postprandial state. This could be 
explained in the presence of the competition between the clearance of 
TAG of endogenous and exogenous origin (Nestel, 1964; Grundy and Mok, 
1976) by the activity of LPL (Brunzell et al., 1973). The theory behind this 
suggestion is that the lower fasting TAG concentration after exercise may 
have resulted in a more efficient catabolism of newly absorbed TAG and 
thus in a lower postprandial lipaemic response. The correlations which 
were found between the serum TAG concentration in the fasted state and 
the magnitude of lipaemia and with the peak TAG concentration in each 
separate study, are in line with the above mechanism and previous 
studies (Patsch et al., 1983; Weintraub et al., 1987a), despite the fact that 
these studies have conducted in different (clinical) populations from the 
subjects of the present thesis. 
The activity of LPL in the adipose and skeletal muscle tissue has been 
reported to be affected in part by the serum insulin concentration (Eckel, 
1987; Kiens et al., 1989; Pollare et al., 1991; Jeppesen et al., 1995a). Therefore, 
a low serum insulin concentration would down-regulate the LPL activity 
in adipose tissue and up-regulate the LPL activity in the skeletal muscle 
(Lithell et al., 1978a; Jacobs et al., 1981). This tissue-specific activity may 
partially explain the findings of the present studies. Thus, in Chapters V, 
VI and VII (for the trained group only), the lower insulin response which 
was found after the moderate intensity trial may have resulted in an 
enhanced skeletal muscle LPL activity which may be responsible for the 
reduced serum lipaemic responses to the meal. On the other hand, the 
findings in Chapters VI (low intensity trial) and VII (untrained group) in 
which a higher insulin concentration but a low lipaemic response were 
found can not be explained by the effect of insulin on muscle LPL activity. 
Since the insulin concentration was high, these results may indicate that 
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an enhanced TAG clearance occurred proportionally more in the adipose 
than skeletal muscle tissue. 
/ 
WALKING 
SKELETAL 
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Fig. 8.1. A possible metabolic scenario to explain the effect of a 
previous acute bout of moderate intensity walking on postprandial 
lipaemia and insulinaemia. LPL, lipoprotein lipase 
Another factor which may have an impact on postprandial lipaemia is the 
apolipoprotein (Apo) E polymorphism. This is because Apo E modulates 
the catabolism of TAG depleted remnants of chylomicrons and VLDL by 
acting as a ligand for the chylomicron receptor and for the LDL receptor 
respectively (Eichner et aI., 1993). The approximate frequencies in a 
Caucasian population for the three homozygous phenotypes E2/2, E3/3 
and E4/4 are 1, 56 an\l. 2% respectively, and for the three heterozygous 
phenotypes E3/2, E4/2 and E4/3, are 15,3 and 23% respectively (Weintraub 
et a/., 1987b). In addition, the percentage distribution of these phenotypes 
in an English population (Leicestershire area) was for E3/3, E2/2 and E4/4. 
65.7%, 2% and 4.9% respectively, whereas for E3/2, E4/3 and E2/4 was 
13.7%, 9.8% and 3.9% (Mastana, personal communication). The 
distribution of Apo E found in Chapters V and VII (34 subjects) is 
comparable with the above frequencies. The homozygous E3/3 occurred 
most frequently (24 subjects), the E4/3 less frequently (8 subjects) and two 
subjects had the rare E3/2 phenotype. It has been suggested that the E2/2 
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(Brenninkemeijer et al., 1987) and the E3/2 phenotypes (Weintraub et al. 
1987b) are associated with a slow clearance of chylomicron remnants and 
the E4/3 and E4/4 phenotypes with a faster clearance rate compared to E3/3 
(Weintraub et al. 1987b). Despite the above evidence for an effect on Apo E 
phenotyping on postprandial lipaemia, meaningful statistical comparisons 
could not be made in the present thesis because: (i) the subjects ingested 
different fat meals during these two studies and (in there was a small 
number of subjects in each phenotype, particularly for E3/2 (n=2) and E4/3 
(n=8). 
8.2. The fate of FFA originating from the hydrolysis of serum 
TAG following the ingestion of the high fat meal 
The enhanced hydrolysis of TAG-rich lipoproteins which was observed 
after the exercise bouts may have contributed to the restoration of fat 
stores that have been utilised during exercise (Nikkila, 1987). In addition, 
fat was also utilised in the period after exercise as a fuel. This suggestion is 
based on the findings of the last two studies in this thesis (Chapters VI and 
VII) and other studies (Bielinski et al., 1985; Bahr et al., 1987; Maehlum et 
aI., 1986) which have shown that fat oxidation is enhanced at least 12-24 
hours after the end of exercise. Therefore, an increased fat utilisation 
during and after exercise may result in an enhanced removal of TAG 
particles from the circulation when a fat meal is ingested. This may result 
in a reduced postprandial lipaemia in order to refill the fat stores which 
have been utilised. As previously discussed (Chapters IV, V and VI), 
although total fat utilisation during the walking was not significantly 
different between the two exercise intensities, there is evidence to suggest 
that the contribution of fat from adipose tissue (plasma FFA) and skeletal 
muscle (intramuscular TAG) may have been different (Romijn et aI., 
1993). In addition trained and untrained subjects (Chapter VII) may have 
utilised different proportions of muscle and adipose tissue fat stores 
(Hurley et al., 1986; Jansson and Kaijser, 1987). Data from Chapters VI and 
VII, when samples of expired air were collected during the postprandial 
period, provide further evidence regarding the fate or the final destination 
of the TAG cleared from the circulation (Fig. 8.1.). By knowing the amount 
of fat ingested and by calculating the amount of fat oxidised during the 
postprandial observation period, the amount of fat stored in the muscle or 
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adipose tissue was estimated (see Table 6.6; Fig. 7.9). In these calculations, it 
was assumed that all the amount of the ingested fat has left the intestine 
similarly in all the trials. Despite the fact that fat storage was found to be 
lower than control after both moderate (Chapter VI and VII) and low 
(Chapter VI) exercise bouts, the percentages of storage in the skeletal 
muscle and adipose tissue are unknown. Although information is lacking, 
it may be speculated that a proportionally higher percentage of fat was 
stored in the adipose tissue in the untrained subjects and in the low 
intensity exercise trial compared to the trained subjects and moderate 
intensity trial respectively. This is because more fat from the adipose tissue 
compared to the intramuscular fat was previously utilised during exercise 
in the former than in the latter two cases. However, further research is 
needed to validate these suggestions. 
B.3. Effects of sex, train ing status and age on postprandial 
lipaem ia 
Using the postprandial serum TAG responses, some comparisons were 
made between the men and the women who participated in Chapters V 
and VI, despite the small sample size in each sex. There was no significant 
difference between the two sexes in the indices of postprandial lipaemia 
for both studies. Evidence exists to show that the clearance of TAG-rich 
particles after an oral or an intravenous fat load is greater in women than 
in men (Baggio et aI., 1980; Kashyap et aI., 1983; Tollin et aI., 1985; Ohta et 
aL, 1992; St Amand et al., 1995), possibly mediated by the higher LPL 
activity (Nikkila et al., 1978; St Amand et al., 1995) and fat oxidation rate of 
women (Tarnopolsky et aI., 1990). However, the above comparisons 
between men and women have been conducted after resting conditions 
and not after a bout of exercise. From the small number of men and 
women in the two studies (Chapters V and VI) of this thesis it is not 
possible to draw a conclusion concerning the possibility of a sex difference 
in the reduction in lipaemia with exercise. A comparison between the two 
sexes becomes even more difficult in the light of the greater intra-trial 
variation in women due to the menstrual status which was not possible to 
control for. 
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One of the aims of Chapter VII was to examine whether the magnitude of 
lipaemia was influenced by the training status. It was found that the 
attenuation was significantly greater (40%) in the trained compared to the 
untrained group 16 hours after the end of the exercise bout. This effect was 
probably attributable to the trained individuals' higher LPL activity 
(Nikkila et aI., 1978) and greater utilisation of muscular TAG stores 
(Hurley et al., 1986) and higher absolute energy expenditure compared 
with the untrained. However, when the lipaemic responses to the meal 
were examined when the athletes abstained from exercise for 66 hours 
(control trial), no differences were observed between the two groups. This 
may indicate that regular exercise should be performed in order for 
exercise to have an impact on serum lipids. 
Evidence exists to show that ageing is associated with a prolonged presence 
of plasma TAG (Cohn et aI., 1988) or plasma retinyl esters (Weintraub et 
al., 1987b; Krasinski et al., 1990b) after the ingestion of a fat meal alone or a 
fat meal with vitamin A, respectively. Thus, another purpose of Chapter 
VII was to examine if a bout of exercise would have an effect on the 
lipaemic responses to the meal in middle aged, physically active women as 
previously shown for young adults. The results of this study showed that 
exercise reduced the magnitude of lipaemia by 16% (p<O.OS) compared 
with the control trial. The lipaemic response, the absolute and relative 
difference of serum TAG concentration between the moderate exercise 
bout and the control trials were compared between the young (n=10, 
female subjects of Chapter V and VI) and the middle aged (n=13, 
untrained subjects of Chapter VII) subjects. These comparisons showed 
that at least in the present study an effect of age was not evident either 
after the exercise or after the control trial. Apart from the small sample 
size, the lack of an effect of age may be attributable to the fact that the 
untrained individuals were physically active and not as old (43.8±1.2 years) 
as in previously reported studies (z60 years; Krasinski et al., 1990b; Cohn et 
al., 1988). 
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8.4. Im plications of the present findings 
The results of the four studies conducted in this thesis may have 
important implications in exercise prescription policy and practice. In 
addition, the finding that exercise was associated with a lower serum TAG 
concentration suggests that exercise would contribute to the prevention of 
various metabolic diseases all associated with a high concentration of 
serum TAG in the circulation. 
The results of Chapter VI showed that lipaemia was decreased after both 
moderate and low intensity exercise bouts to a similar degree, when the 
same amount of energy was expended. This finding may suggest that at 
least in these submaximal exercise intensities, the total amount of work is 
important in order to have a beneficial effect on serum lipids and 
lipoproteins and not the intensity at which the exercise bout is performed 
in its own right. This is in line with recent proposals which indicate that 
the health benefits of physical activity are linked principally to the total 
amount of work performed (Pate et al., 1995; Haskell, 1994). Therefore, it is 
not necessary for an exercise programme (designed to promote health) to 
be performed at a strictly set exercise intensity (Le. 50-80% V02max; ACSM, 
1991), so long as the same total amount of work is performed with a lower 
intensity Ilonger duration bout (Haskell, 1994). Health professionals are 
now moving towards the concept of "metabolic fitness" (Despres and 
Lamarche, 1994). This can be defined as the state of a set of metabolic 
characteristics relevant to CHD risk that can be modified by the absolute 
amount of work performed (Despres and Lamarche, 1994). Thus, the least 
active individuals who are at the greatest risk for CHD (Blair et al., 1989) 
and have a low exercise capacity (National Fitness Survey, 1992), do not 
have to perform vigorous exercise in order to have "optimal" health 
benefits. Walking involves large muscle groups and it is a natural, 
convenient, inexpensive, enjoyable and safe aerobic activity. Overall, it is 
considered to be the perfect mode of exercise for those who are inactive 
(Morris and Hardman, personal communication). It is interesting to note 
that when ordinary inactive middle aged men and women were asked to 
walk briskly, most of them walked at a pace which elicited 60% V~max 
(Hardman et aI., 1992; Stensel et al., 1993). The 60% V02max moderate 
intensity bout performed by the untrained middle aged women in this 
thesis resulted in an energy expenditure of 6.1 kcal'min-1 (speed of 1.39 
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m·s·!; grade 7.8%). Of course, few individuals will habitually walk for such 
a long period (90 min) at this intensity, but as shown in this thesis the 
same results can be attained with a bout of much lower intensity but 
longer duration. However, more information is required about the 
optimal amount of exercise which is needed to provide health benefits. 
In the light of the suggestion that atherogenesis is a postprandial 
phenomenon (Zilversmit, 1979) associated with a delayed clearance of 
TAG-rich lipoproteins from the bloodstream (Simons et al., 1987; Simpson 
et al., 1990; Patsch et al., 1992; Karpe et aI., 1994; Katzel et al., 1994), 
interventions which decrease postprandial lipaemia could theoretically 
delay the exposure of the artery walls to the potential damaging particles. 
The studies in this thesis have provided evidence to support the 
suggestion that prolonged exercise has the potential to reduce both the 
fasting and the postprandial serum TAG concentrations from the 
circulation even when this exercise was performed 16 hours prior to the 
ingestion of a high fatty meal. One fador which may limit the applicability 
of the-findings to the every day situation may be apart from the amount of 
exercise the amount of fat that was consumed in the test meal. The 
amount of fat that was ingested corresponded to 1.28 g fat·kg body mass-! 
(~90 g fat) for the young adults and to 1.7 g fat· kg FFM-! (~77 g fat) for the 
middle aged women; of the total energy of this meal 67% was derived 
from fat. This amount of fat exceeds the amount recommended (25-30 
g'meal-!) and the amount usually ingested during a meal in the case of a 
Western high fat diet (-40 g·meaP; Dubois et aI., 1994). Most of the studies, 
however, reported in the literature have administrated high fat loads 
(Patsch et al., 1983; Cohn et al., 1988; Merill et aI., 1989; Krasinski et aI., 
1990b) similar to that ingested in the present study in order to examine the 
system under a considerable stress. Two recent studies (Dubois et al., 1994; 
Potts et al., 1994) that have used more realistic amounts of fat (40 g fat; 41-
43% energy from fat) have shown that similar increases in intestinally 
derived lipoproteins (Dubois et aI., 1994; Potts et aI., 1994) occur as already 
shown after large fat loads. Although more studies are needed on this 
topic, the above firidings may argue for the potential role of exercise in 
every day situations. 
Chapters V, VI and VII (trained group) showed that the moderate intensity 
exercise bout significantly attenuated the postprandial serum insulin 
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responses to the meal. As these insulin responses were attenuated despite 
serum glucose concentration being similar, this may indicate that exercise 
resulted in an increased sensitivity of peripheral tissues to insulin as 
previously reported (LeBlanc et al., 1981; Mikines et al., 1988). This effect of 
exercise may have important implications in the treatment of non-insulin 
dependent diabetes mellitus (Devlin et al., 1987). In addition, studies 
(Chapter VII; Burstein et al., 1985; Oshida et al., 1991) that have shown that 
the increased insulin sensitivity in trained athletes is reversed within 60 
hours, would suggest that the health benefits of training may be more 
related to each single bout of exercise which needs to be regularly 
performed. The finding that an acute bout of exercise did not have an 
effect on postprandial insulinaemia in the untrained group (Chapter VII), 
may indicate that a single bout of such submaximal intensity did not have 
the potential to reduce the insulinaemia in this middle aged group. As 
previously shown (Chapter VII), the mixed group in terms of· physical 
activity patterns may be a reason for the lack of an effect of exercise bout on 
serum insulin. The lack of an effect of exercise may further indicate that 
the muscle tissue of these subjects was more resistant to insulin. In 
insulin resistance, apart from an elevated serum insulin concentration, 
there is an elevation of TAG concentration in the circulation associated 
with a decrease in HDL-C levels and an increase in the small dense LDL 
particles, all mediated through disruption of the normal role of insulin in 
the co-ordination of lipid metabolism (Frayn, 1993). Since insulin 
resistance increases with age (Fink et al., 1983) and it has been reported to 
be atherogenic by causing adverse changes in many CHD risk factors 
(Ronnemaa et al., 1991), the effect of moderate exercise in Chapters V, VI 
and VII (trained group) to enhance the insulin action may contribute to 
the reversal of this process. 
8.5. Future research topics 
There are still many questions to be answered concerning the effect of 
exercise on lipid and lipoprotein metabolism. As LPL activity has been 
measured only after vigorous exercise bouts, the influence of walking 
exercise and/or the effect of the intensity of exercise on LPL activity in the 
postexercise recovery period need further investigation. In the light of 
evidence that interchanges may occur between different lipoprotein 
particles during the postprandial period, the determination of the specific 
185 
components (i.e. TAG, apoproteins, phospholipids) of each lipoprotein 
after the ingestion of a meal would be important. An interesting topic, in 
terms of the applicability for the every day life situation, would be the 
investigation of the effect of a bout of walking of shorter duration prior to 
the ingestion of small amounts of fat which would be administered in 
three separate meals within the course of a day. In addition, the duration 
of the beneficial effects of an acute bout of exercise is another topic that 
would need further investigation. Finally, the labelling of the ingredients 
of the meal with radioactive isotopes would provide important 
information about the amount of ingested fat that has been oxidised. 
8.6. Conclusions 
In summary, the present thesis has shown that an acute bout of prolonged, 
moderate intensity (60% V02max) treadmill walking significantly 
attenuated the serum postprandial TAG and insulin responses to a fatty 
meal ingested 16 hours after the end of exercise in young adults and 
middle aged women. An acute bout of low intensity (30% V02max) 
treadmill walking had the potential to reduce the postprandial lipaemic 
responses to a similar degree as the moderate bout, when it was of 
comparable energy expenditure. This may indicate the importance of the 
total amount of work performed over the intensity of exercise. Training 
status was shown to be important, as endurance trained middle-aged 
women were characterised by a lower postprandial lipaemic and 
insulinaemic response to the meal 16 hours after the end of the exercise 
bout compared to untrained women of similar age. The increasing 
evidence that high plasma TAG concentrations are implicated in many 
metabolic diseases (hyperlipidaemia, insulin resistance, obesity, 
thrombosis, atherosclerosis) highlights the potential health benefits from 
regular, frequent exercise-induced reductions in postprandial lipaemia. 
"1 have two doctors, my left leg and my right ... " 
Trevelyan (1913) 
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Al 
APPENDIX A 
BLOOD METABOLlTE ASSAYS 
AI: FlUOROMETRIC ASSAY FOR THE DETERMINATION OF 
BLOOD LACTATE (modified from Maughan, 1982) , 
Principle: NAD+ NADH + H+ 
'--..J 
Lactate lactate dehydrogenase) Pyruvate 
Reagents: 
Hydrazine buffer: 
(1-1 moH-l, pH 9.0) 
Cofactor: 
Enzyme: 
Diluent: 
Standards 
10.385 g of hydrazinium sulphate (MW: 
130.12),36.78 ml of hydrazine hydrate 
(MW: 50.06) and 0.18612 g of EDTA 
(MW: 372.24) were made up to 500 ml of 
distilled water. 
NAD 
lactate dehydrogenase (LDH) 5500 U·ml'l 
(undiluted) 
6876 III of HCl (10.18 M) made up to 1 It of 
distilled water. 
Stock standards were prepared before each study and stored at -20 oC: 
L-Lactate 1 moH-! (Il!) 0 
0.4 mol·l-l perchloric acid (m!) 10 
Lactate concentration (mmol.J-l) 0 
20 
9.98 
2 
40 50 60 
9.96 9.95 9.94 
4 5 6 
Working standards were prepared by diluting 100 III of each of the above 
standards into 1000 III of 0.4 moH-l (-2.5%) perchloric acid. 
Quality control 
An internal quality control was used to check for accuracy and precision. 
Reaction mixture (per ml of buffer) 
1 ml Hydrazine buffer 
2mgNAD 
10 III LDH 
Procedure 
Al 
1. 200 III of reaction mixture (2 mg NAD and 10 III of LDH per ml of buffer) 
was added to 20 III aliquots of duplicate samples or standards. They were 
mixed well and left for incubation at room temperature. 
2. After 30 min, 1 ml of diluent (0.07 mol·l- l Hel) was added, the contents 
were mixed and fluorescence was read. 
The lactate concentration of blood samples was calculated using the 
regression equation made by the standard concentrations and their 
fluorescence values (r=0.9999-1.00). 
A2 
A2: SERUM HDL AND HDL3 PRECIPITATION PROCEDURES 
Principle 
Due to the specific interaction of apolipoprotein B (apo B) with a number of 
precipitating agents, lipoproteins containing apo B (VLDL, LDL, 
Chylomicrons, IDL) can be separated from non apo B containing lipoproteins 
(HDL) by precipitation. 
HEPARINIMANGANESE PRECWITATION 
This is a widely common method devised by Gidez et al. (1982) for the 
precipitation of HDL and its subfractions HDL3 and HDL2. The precipitation 
with a polyanion (sodium heparin) and divalent cation (manganese chloride) 
was used to separate a mixture of VLDL, LDL and Chylomicrons from HDL. 
The HDL2 fraction was then precipitated from the clear heparin/manganese 
supernatant (HDL) by the further addition of dextran sulphate to leave the 
HDL3 fraction in the final supernatant (Skinner, 1992). This method was 
followed in studies 1, 2 and 4 (Chapters IV, V and VII). 
Reagents 
Manganese Chloride (0.52 mol·l- I): 2.57g was dissolved in 25 ml of distilled 
water. Solution was made fresh each 
week. 
Sodium Heparin (Sigma) 
(5700 units·ml-i) 
Dextran Sulphate (15.4 g·l-I) 
(MW = 50000, Dextralip 50, 
Genzyme diagnostics, U.K.) 
EDT A, di-sodium salt 
(0.4 mol·l- I, MW: 372.24): 
Quality control 
30.5 mg (187 USP units·ml- I) was 
dissolved in 1 ml of saline (9 g·l-I). 
Solution was made fresh each day. 
38.5 mg was dissolved in 2.5 ml of saline 
(9 g·l-I). Solution was made fresh each 
day. 
14.88 g was dissolved in 100 ml distilled 
water, adjusted to pH 7.7 by adding 7.3 
ml of NaOH 6M. Solution was made at 
the beginning of each study. 
A2 
Precinorm -L control sera (Boehringer Mannheim GmbH, U.K. Ltd). 
Procedure 
Serum samples (1 m!) requiring HDL and HDL3 precipitation were stored at 4 
oC and were analysed within 5 days of collection. 
1. 40 III of sodium heparin was added to 1 ml aliquots of serum samples or 
quality control and samples were mixed immediately for 10 sec. 
2. 100 III of manganese chloride was added to the above mixture. Samples 
were mixed again for another 10 sec. 
3. The samples and the quality control were placed in an ice bath at 4 oc. 
After incubation for 30 min, samples and quality control were centrifuged 
in a pre cooled centrifuge (4 OC) at 4000 revs·min-! for 25 min. 
4. Samples (and quality contro!) were carefully removed from the centrifuge 
and 500 III of clear heparin/MnCl2 supernatant (HDL) was dispensed into 
plastic tubes. In these tubes, 50 III of dextran sulphate was added and 
samples were mixed for 10 sec and allowed to stand at room temperature 
for 20 min. 
5. After this, they were centrifuged for 30 min at 4000 revs·min-!. 
6. 250 III of clear HDL and HDL3 supematants was added into Cobas sample 
cups containing 10 III of EDTA for the further determination of their 
cholesterol concentration (see,_ APPENDIX A3). EDTA is used when the 
enzymatic cholesterol determination is required. This is because, the 
metal ions used in the precipitation (Mnz+), interfere with one or more of 
the enzymatic reactions within the cholesterol assay (Backorik and 
Alberts, 1986). 
PHOSPHOTUNGISTIC ACID AND MAGNESIJIM IONS PRECIPITATION 
This method was used in study 3 (Chapter VI) in which HDL precipitation 
was performed from frozen (-70 <;lC) serum samples and no further 
precipitation of the subfractions was required. The precipitant (reagent) was 
provided from Boehringer Mannheim GmbH (U.K. Ltd), and it was used 
without adding any further solution/water. 
Reagents 
Phosphotungistic Acid 
Magnesium Chloride 
Quality Control 
0.55 rnrn01-l-! (undiluted concentration) 
25 mmoH-! (undiluted concentration) 
A2 
Precinorm -L (Boehringer Mannheim, u.K. Ltd) 
Procedure 
Samples were removed from the freezer and were defrosted for 30 min. 
1. 500 III of the reagent was added in 200 III of serum samples and quality 
control. 
2. Samples were mixed well and were let stand for 10 min at room 
temperature. 
3. They were then centrifuged, in a microcentrifuge, for 2 min at 12000 
revs·min·!. 
4. The dear supernatant was dispensed in duplicate into Cobas Bio sample 
cups fodhe further determination of cholesterol concentration (APPENDIX 
A3). The cholesterol concentrations of HDL and HDL3 were mutliplied by 
the factors shown in APPENDIX 03. 
A3 
A3: ENZYMATIC DETERMINATION OF CHOLESTEROL 
Total cholesterol and the cholesterol concentrations of HDL and HDL3 were 
determined from serum samples by an enzymatic colorimetric method using 
a commercially available kit (Cholesterol C - system, CHOD-PAP method, 
Boehringer Mannheim GmbH, U.K. Ltd) and the Cobas Bio photometric 
automated analyser. 
Principle 
The enzymatic assay for cholesterol is based on the generation of hydrogen 
peroxide from the substrate by a specific oxidase (cholesterol oxidase) and the 
coupling of this through peroxidase to a chromogen. Production of the 
chromogen is stoichiometric and therefore the colour produced is directly 
proportional to the amount of analyte, which can be quantified by producing 
a calibration curve from known quantities of the analyte (Mackness and 
Durrington, 1992). The following is typical of the reaction sequence used for 
cholesterol. 
The first step uses the enzyme cholesterol esterase to hydrolyse the 
cholesterol ester present in the serum: 
cholesterol esterase Cholesterol ester + H20 --===:.::..:..=:..=:....." cholesterol + free fatty acids (1) 
In the second step the enzyme cholesterol oxidase oxidises the cholesterol 
generated in (1) to 1'14 cholestenone hydrogen peroxide: 
Cholesterol + 02 cholesterol oxidase , 1'14 cholestenone + H202 (2) 
The hydrogen peroxide produced is used to combine with compounds to 
form colour products that can be measured photometrically: 
2H202 + phenol + 4-aminophenazone peroxidase, 
4-(p-benzoquinone-mono-imino) phenazone + 4H20 
Reagents 
(3) 
Reagents were provided from Boehringer in powder form within a plastic 
bottle. 32 ml of distilled water was added in each bottle. Contents were mixed 
well and after 10 min, the reagent was ready for use. In order to avoid 
A3 
analytical error, bottles of reagent were pooled together in a big container 
immediately before the analYSis of big batches. The following are the 
substances and their concentrations in a bottle: 
Tris buffer: 
Magnesium aspartate: 
4-aminophenazone: 
Sodium cholate: 
Phenol: 
3,4 dichlorophenol: 
100 mmol·I· I , pH 7.7 
50 mmol-l·1 
1 mmol·I·1 
10 mmol-l·1 
6mmol-1·1 
4 mmol-l·1 
Hydroxypolyethoxy n alcanes: 0.3% 
Cholesterol esterase: 
Cholesterol oxidase: 
Peroxidase: 
Standards 
~ 0.4 U·mj-1 
~ 0.25 U·ml· 1 
~ 0.2 U·ml· 1 
These were provided from Boehringer Mannheim (Preciset Cholesterol, D.K 
Ltd) and they were ready to be used. For the total cholesterol assay the 
following 3 concentrations were used: 
2.59 mmol·j-1, 5.17 mmol-l·1 and 7.76mmoU·1 
For the determination of HDL and HDL3 cholesterol, the 3.88 mmol-l·1 
standard was diluted with distilled water to give the following standard 
concentrations: 
HDL: 0.388 mmol-l-1, 0.97 mmol-l-1 and 1.94 mmoH-l 
HDL3: 0.388 mmol-l- I , 0.97 mmol-l- I and 1.29 mmoll- I 
Quality control 
Total cholesterol 
HDL/HDL3 
Procedure 
Control Serum N (Roche U.K Ltd) 
Precinorm L (Boehringer Mannheim, U.KLtd) 
1. For total cholesterol. serum samples were defrosted for 45 min and were 
mixed. Then, 100 j.tl of serum was pipetted in duplicate into plastic Cobas 
sample cups and loaded onto the Cobas Bio analyser. For HDL/HDLl 
cholesterol 250 ~l of clear supernatant was dispensed in duplicate into 
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plastic cups containing 10 III of EDTA and loaded onto the Cobas Bio 
analyser. 
2. 350 III of reagent was pipetted in each cuvette. 
3. 5 III of sample, standard and quality control was added in each cuvette. 
4. Samples were mixed, incubated for 5 min at 37 oC and the absorbance 
was read at a wavelength of 500 nm. 
5. Sample concentrations were calculated by the Cobas Bio using a 
regression equation derived from a reagent blank and 3 standards of the 
above concentrations. 
A4 
A4: ENZYMATIC DETERMINATION OF TRIACYLGLYCEROL 
Triacylglycerol (TAG) concentration was determined from serum samples by 
an enzymatic colorimetric method using a commercially available kit 
(Triglycerides, GPO-PAP, Boehringer Mannheim GmbH, U.K. Ltd) and the 
Cobas Bio photometric automated analyser. 
Principle 
This assay is based on the determination of glycerol portion of TAG 
molecules after enzymatic hydrolysis to remove fatty acids. In addition, the 
generation of hydrogen peroxide from the substrate by a specific oxidase 
(glycerol phosphate oxidase) and the coupling of this through peroxidase to a 
chromogen is taken place during the determination of TAG. Production of the 
chromogen is stoichiometric and therefore the colour produced is directly 
proportional to the amount of analyte, which can be quantified by producing 
a calibration curve from known quantities of the analyte (Mackness and 
Durrington, 1992). The following is typical of the reaction employed for TAG. 
Triglycerides + 3H20 lipase) glycerol + 3 fatty acids 
Glycerol + ATP glycerol kinase ) glycerol-3-phosphate + ADP (2) 
Glycerol-3-phosphate +02 glycerol phosphate oxidase 
dihydroxyacetonephosphate + H202 (3) 
2H202 + 4-aminophenazone + 4-chlorophenol peroxidase) 
4-(p-benzoquinone-mono-imino)-phenazone + 2H20 + HCl (4) 
Reagents 
A buffer solution and reagent strips were provided from Boehringer in a glass 
bottle (13 m!). Each reagent strip was immersed in each bottle of buffer 
solution and stirred for 10 sec. After the bottle was standing for 5 min (with 
the strip immersed), the contents were stirred again with the strip for 10 sec. 
The reagent strip was discarded and the solution was ready for use. In order 
to avoid analytical error, bottles of reagent were pooled together in a big 
container immediately before the analysis of big batches. The following are 
the substances and their concentrations in a bottle: 
Buffer solution 
T ris buffer: 
Magnesium sulphate: 
EDT A, di-sodium salt: 
Potassium hexacyanoferrate 
Sodium cholate: 
4 chlorophenol: 
Hydroxypolyethoxy n alcanes: 
Reagent strips 
ATP: 
4-aminophenazone: 
Lipase: 
Glycerol phosphate oxidase: 
Glycerol kinase: 
Peroxidase: 
Standards 
0.15 moH·I, pH 7.6 
17.5 mmoJ.!·1 
10 mmol·l· l 
6 JlID0J.!·1 
0.15% 
3.5 mmoJ.!·1 
0.12% 
<:: 0.5 mmoJ.!·1 
0.35 mmoH-1 
<:: 3 U·ml·1 
<:: 2.5 U·ml· l 
<:: 0.2 U·ml· l 
<:: 0.15 U·rn1·1 
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Three standards were made from free glycerol solution (MW: 92.1) one day 
before the analysis of the serum samples. The weighed concentration (usually 
between 4 and 5 mmoJ.!·I) was topped up with 100 ml of distilled water. 
Standards were then further diluted with distilled water depending on the 
three concentrations needed. 
Quality control 
Control Serum N (Roche U.K. Ltd) 
Procedure 
1. Serum samples were defrosted for 45 min and were mixed. Then, 100 /J.l of 
serum was pi petted in duplicate into plastic Cobas sample cups and 
loaded onto the Cobas Bio analyser. 
2. 350 /J.l of reagent was pipetted in each cuvette. 
3. 5 /J.l of sample, standard and quality control was added in each cuvette. 
4. Samples were mixed, incubated for 5 min at 37 oC and the absorbance 
was read at a wavelength of 500 nrn. 
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5. Sample concentrations were calculated by the Cobas Bio using a 
regression equation derived from a reagent blank and 3 standards of 
known concentrations. 
TAG concentrations should be corrected for free glycerol which is determined 
enzymatically (APPENDIX AS). This correction was made in study 1 (Chapter 
IV) when blood samples were collected apart from after, during exercise. 
However, serum free glycerol concentration was not determined in the other 
studies since blood samples were collected at rest. As it is known resting 
glycerol concentration is very small (0.03-0.08 mmol·J-l). Therefore, TAG 
values not corrected for free glycerol in studies 2,3 and 4 do present a degree 
of accuracy. 
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A5: ENZYMATIC DETERMINATION OF GLUCOSE 
Glucose concentration was determined from serum (Chapter V) or plasma 
(Chapters VI and VII) samples by an enzymatic colorimetric method using a 
commercially available kit (Glucose GOD-PAP method, Boehringer 
Mannheim GmbH, V.K. Ltd) and the Cobas Bio photometric automated 
analyser. 
Principle 
This assay is based on the generation of hydrogen peroxide from the substrate 
by a specific oxidase (glucose oxidase) and the coupling .of this through 
peroxidase to a chromogen is taken place during the determination of 
glucose. Production of the chromogen is stoichiometric and therefore the 
colour produced is directly proportional to the amount of analyte, which can 
be quantified by producing a calibration curve from known quantities of the 
analyte (Mackness and Durrington, 1992). The following is typical of the 
reaction employed for glucose. 
Glucose +02 + H20 glucose oxidase) gluconate + H202 (1) 
2H 0 4 . h h I peroxidase 2 2 + -ammop enazone + p eno ........,"-'---~) 
4-(p-benzoquinone-mono-imino)-phenazone + 4H20 (2) 
Reagents 
A Reagent mixture bottle (containing buffer, enzymes and 4 aminophenzone) 
and a phenol bottle were provided from Boehringer. Contents of reagent 
mixture bottle and phenol were added in 200 ml of distilled water. They were 
mixed well and were stored in a brown glass bottle. The following are the 
substances and their concentrations in the two bottles: 
Phosphate buffer: 
Glucose oxidase: 
Peroxidase: 
4-arninophenazone: 
Phenol: 
100 moH-I, pH 7.0 
17.5 V·m[-l 
~ 1.1 V·ml- I 
0.77mmo1-1-1 
11 mmo1-1·1 
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Standards 
An initial standard concentration of 8 mmoH·l was diluted in order to give 
the other two standards (2 and 4 mmol·I·1). 
Quality control 
Control Serum N (Roche U.K. Ltd). 
Procedure 
1. Serum samples were defrosted for 45 min and were mixed. Then, 100 III of 
serum was pipetted in duplicate into plastic Cobas sample cups and 
loaded onto the Cobas Bio analyser. 
2. 300 III of reagent was pipetted in each cuvette. 
3. 4 III of sample, standard and quality control was added in each cuvette. 
4. Samples were mixed, incubated for 1 min at 37 oC and the absorbance 
was read at a wavelength of 500 nm. 
5. Sample concentrations were calculated by the Cobas Bio using a 
regression equation derived from a reagent blank and the 3 above 
standards .. 
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A6: ENZYMATIC DETERMINATION OF FREE FATTY ACIDS 
Free fatty acid (FFA) concentration was quantitatively determined from 
serum samples by an enzymatic colorimetric method using a commercially 
available kit (NEFA C, Wako Chemicals GmbH, Germany) and the Cobas Bio 
photometric automated analyser. 
Principle 
This assay relies on the acylation of co enzyme A (CoA) by the fatty acids in 
the presence of added acyl-CoA synthetase. The acyl-CoA thus produced is 
oxidised by added acyl-Co A oxidase with the generation of hydrogen 
peroxide. Hydrogen peroxide, in the presence of peroxidase permits the 
oxidative condensation of 3-methyl-N-ethyl-N-(b-hydroxyethyl)-aniline with 
4- aminoantipyrine to form a purple coloured adduct which can be measured 
colorimetrically at a wavelength of 550 nm. Hence, the amount of FFA in the 
sample can be determined from the optical density measured at 550 nm. The 
following is typical of the reaction employed for FFA: 
FFA + ATP + co enzyme A acy/- CoA synthetase 
acyl coenzyme A + AMP + pyrophosphate 
acyl coenzyme A + 02 acy/- CoA oxidase) 
2,3 trans-Enoyl-CoA + H202 
(1) 
(2) 
2H202 + 4-aminoantipyrine + 3-methyl-N-ethyl-N-(b-hydroxyethyl)-aniline 
peroxidase . .. d 4H 0 
--'-----'-'--7) qumonelmme ye + 2 (3) 
whereas CoA,coenzyme; A TP, adenosine triphosphate; AMP, adenosine monophosphate 
Reagents 
The kit provided two reagents (reagent A and B) and two different diluents 
for the reagents. 10 ml of diluent A was added to reagent bottle A and 7.5 ml 
of diluent B was added to reagent bottle B. Both bottles were mixed by gently 
shaking the bottles. Thereafter, the reagents were ready to be used. The 
following are the substances and their concentrations in all the bottles: 
Reagent A 
Acyl coenzyme A synthetase: 
Ascorbate oxidase: 
CoenzymeA: 
ATP: 
4-aminoantipyrine: 
Reagent B 
Acyl coenzyme A oxidase: 
Peroxidase; 
MEHA: 
Diluent A 
Phosphate buffer: 
Magnesium chloride: 
DiluentB 
MEHA: 
Standard 
0.3 U·ml-I 
1.5 U·ml-I 
0.7mg·ml-1 
3mg·ml-1 
0.3 mg·ml-I 
6.6 U·ml-I 
7.5 U·ml-I 
0.4 mg·ml-I 
0.05 mmol·!-1, pH 6.9 
3mmol-l-1 
1.2 mmol-l-I 
An 1 mmol·l- I of oleic acid ready for use was supplied with the kit. 
Quality control 
Seronorm 1M lipid (Nycomed Pharma AS, Norway). 
Procedure 
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1. Serum samples were defrosted for 45 min and were mixed. Then, 100 III of 
serum was pipetted into plastic Cobas sample cups and loaded onto the 
Cobas Bio analyser. 
2. 100 III of reagent A was pipetted in each cuvette. 
3. 10 III of sample, standard and quality control was added in each cuvette. 
4. Samples were mixed, incubated for 10 min. 
5. 75 III of reagent B was pipetted in each cuvette and samples were again 
mixed and further incubated for 5 min. 
6. The absorbance was read at a wavelength of 550 nm. 
7. Sample concentrations were calculated by the Cobas Bio using a one point 
standard of 1.0 mmol-l- I supplied with the kit. 
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A7: DETERMINATION OF INSULIN 
Serum insulin concentration was measured using a solid phase 1251 
radioimmunoassay using a commercially available kit (Coat-A-Count Insulin, 
Diagnostic Products Corporation, LA, USA). 
Principle 
In the Coat -A Count Insulin procedure, 1251 labelled insulin competes with 
insulin in the serum sample for sites on insulin specific antibody immobilised 
to the wall of a polypropylene tube. After incubation, isolation of the 
antibody bound fraction is achieved simply by decanting the supernatant. 
The tube is then counted in a gamma counter (Cobra II), the counts being 
inversely related to the amount of insulin present in the serum sample. The 
quantity of insulin in the sample is then determined by comparing the counts 
to a standard curve. 
Tubes, Standard, Control and Reagent supplied with the kit 
• Lime green polypropylene tubes coated with antibodies to insulin (Ab 
Coated tubes). 
• Uncoated tubes for total counts (tubes T). 
• Plain polypropylene tubes for use as non specific binding count (NSB 
tubes). 
• Seven vials,.1abelled A through G of lyophilised processed human serum. 
These are called insulin calibra tors and they are the standards in order to 
set up the calibration curve. 6 ml of distilled water was added in bottle A 
and 3 ml of distilled water in the rest of the bottles (B through G). These 
were made at least 30 min before the initiation of the actual sample 
pipetting. The concentrations of the standards were from A to G: 0, 5, 15, 
50,100,200 and 400 IlU·ml'i. 
• 100 ml of distilled water was added in each bottle of reagent, 1251 labelled 
insulin. After careful mixing, it was ready for use. All the insulin assays 
were performed soon after the arrival of the kit in the biochemistry 
laboratory, in order to avoid the loss of the radioactivity of the reagent. 
• A tri level human serum based immunoassay control containing insulin 
was also provided with the kit. 
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Procedure 
1. Serum samples were defrosted for 1 hour and were mixed. 
2. 200 ~l of the A calibrator (0 ~U·mI-1) was added into 4 T tubes and 4 NSB 
tubes. 200 ~l of the remaining calibrators (B to G), serum samples and 
control were pipetted directly to the bottom of the antibody coated tubes. 
3. 1000 ~l of 125r labelled insulin reagent was added to every tube (including 
the T, NSB and coated tubes). Samples were mixed. 
4. Samples were allowed to incubate for 18 hours at room temperature. 
5. After this long incubation period, reagent from all the tubes (except T 
tubes) was decanted and the tubes were drained for 2-3 min. Then the 
tubes were struck sharply on absorbant paper to shake off all residual 
droplets. 
6. Each tube was counted for 1 min in the gamma counter. 
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AS: FLUOROMETRIC ASSAY FOR THE DETERMINATION OF 
FREE GLYCEROL (described by Laurell and Tibling, 1966) 
Free glycerol concentration was measured in study 1 (Chapter IV) 
enzymatically using the Laurell and Tibling's method (l966), in duplicate 
serum samples. 
Principle 
Glycerol is converted to glycerol-I-phosphate by glycerol kinase and 
adenosine triphosphate. Under the influence of glycerophosphate 
dehydrogenase and diphosphopyridine nucleotide (NAD+) dihydroxyacetone 
phosphate, which is trapped by hydrazine, and NADH are then found· in 
proportion to the glycerol content of the sample. 
Reagents 
Zinc Sulphate (0.087 M) 6.25 g (MW: 287.54) were dissolved in 250 ml 
of distilled water. This was made prior to 
the beginning of the analysis. 
Barium Hydroxide (0.083 M) 6.55 g (MW: 315.4) were dissolved in 250 ml 
of distilled water. This was made prior to 
the beginning of the analysis. 
Hydrazine Buffer (l.OM) 
Diluent 
Cysteine (0.2 M) 
12.15 ml of hydrazine hydrate (MW: 50.06) 
and 76.2 mg MgCI2 (1.5 mmol·J-1, MW: 
203.31) were dissolved in 250 ml of distilled 
water, and were adjusted to pH of 9.4 with 
HC!. The solution was made prior to the 
beginning of the analysis and stored at 4 oc. 
0.4 g NaOH (O.OIM) and 372.24 mg EDTA 
(l.0 mmoH-l) were dissolved in distilled 
water and made up to lIt. This was made 
prior to the beginning of the analysis. 
35 mg of cysteine were dissolved in 1 ml of 
0.4 M NaOH. This was made fresh on the day 
of the analysis. 
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Cofactor NAD 
Enzymes glycerolkinase 
glycerine - 3- phosphate dehydrogenase 
Standards 
A stock glycerol standard (4.0 mmoHI made up to 100 ml of distilled water) 
was prepared before the analysis and stored at -20 oc. This was diluted in 
order to give the following standard concentrations: 0.02, 0.04, 0.2, 0.6, 0.8, 1.0 
and 2.0 mmol·P. 
Quality control 
An internal quality control value was used. 
Reaction Mixture (per m!) 
700 III of Hydrazine buffer 
100 III of cysteine 
12 mg of ATP and 20 mg of NAD dissolved in 200 III of distilled water 
1.0 III of glycerolkinase 
5.0 III of glycerine-3-phosphate dehydrogenase 
Procedure 
1. Serum samples were removed from freezer for 1 hour and were mixed. 
2. 50 III of standards, samples and control was pipetted into eppendorf 
tubes. 
3. 250 III of Zinc sulphate firstly and then 250 III of Barium hydroxide were 
dispensed in each of the above tubes. Each tube was mixed immediately. 
4. Samples were then placed in a rack in the -20 0C freezer for 5 min. 
5. Samples were then centrifuged in a microcentrifuge for 5 min at 12000 
revs·min· l . 
6. 200 III of the resulting supernatant was dispensed into the fluorometric 
glass tubes. 100 III of the reaction mixture was added to these tubes. 
Samples were mixed and left for incubation at room temperature. 
7. After 60 min incubation, 1 ml of diluent was added to each tube. Tubes 
were mixed again and the fluorescence of standards and samples was 
read. 
AS 
Free glycerol concentration was calculated from a regression equation using 
the known concentration of the standards and their fluorescence values 
(r=O.9999-1.00). 
The free glycerol concentration of these samples was subtracted from the 
corresponding TAG values. 
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A9: APOPROTEIN E PHENOTYPING 
Phenotyping of apoprotein E was performed by Dr. SJ Mastana and Mrs. A 
Pachynko, (Department of Human Sciences, Loughborough University) by 
isoelectric focussing using Western blot techniques. 
Preparation of plates 
6.66 ml Acrylamide stock, made up from 29.1 g Acrylamide, 0.9 g bis-
acryamide and 100 ml distilled water 
0.6 ml Pharmalyte pH 4.5-5.4 
1.2 ml Pharmalyte pH 5.0-8.0 
7.2 gUrea 
31.6 ml distilled water 
Degas 
1 ml of 1 % ammonium persulphate 
12111 TEMED 
Sample preparation 
10 III serum 
1001115 mmol·l-1 dithiothreitol in 0.25% (v Iv) Tween 20 
These were incubated overnight at 4 0C 
Running conditions 
ANODE: 1 M H3P04 
CATHODE: 1 M NaOH 
2000 volts, 10 W maximum current 
Prefocus for 15 min 
Apply sample on 5 x 10 mm 3MM chromatography paper close to the 
cathode. Focus for 30 min, remove sample wicks and focus for a further 90 
min. 
Blotting and visualisation of apoliprotein E 
After electrofocussing the gel was washed in TSB and the electrode strips 
removed. Nitrocellulose membrane, soaked in TSB, was applied to the gel. 3 
MM chromatography paper, wetted with TSB, was placed over the 
membrane, followed by paper towels, a glass plate and a weight. After 1.5 
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hours, the membrane was rinsed with TSB and incubated for 2 hours in 5% 
non-fat milk to saturate the remaining protein binding sites. 
The filter was then exposed to goat anti-human apoE antiserum overnight, 
anti apoE diluted 25 III in 25 ml TBS. Antisera was reused by adding an extra 
10 III anti-human apoE antiserum. 
The following morning the membrane was washed with TSB (3 x 10 min) and 
then exposed to rabbit anti-goat IgC anti-serum conjugated with alkaline 
phosphatase, diluted 25 III in 25 ml TBS. The anti-serum was reused by 
adding an extra 5 III rabbit anti-goat anti-serum. The membrane was then 
incubated for 90 min and then washed with TBS (3 x 10 min). 
The bands visualised histochemically using: 
25 mg beta-naphthyl phosphate 
25mg fast blue BB 
60 mg magnesium sulphate 
50 ml developer buffer (1.8 g NaOH and 3.7 g boric acid/l) 
\ 
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AlO: WITHIN AND BETWEEN BATCHES COEFEIClENTS OF 
VARIATION FOR THE BLOOD ASSAYS 
Table AlO.l. Within batch coefficient of variation (CV, %) for blood metabolite 
assays. 
Analyte n Mean ±SD CV (%) 
Blood lactate 10 0.79 0.02 2.90 
SerumHDL-C 8 1.36 0.02 1.47 
Serum HDL3-C 8 1.15 0.02 1.78 
SerumTC 9 4.60 0.04 0.84 
Serum TAG 10 1.06 0.01 0.99 
Serum Glucose 15 4.10 0.05 1.21 
SerumFFA 8 0.455 0.004 0.88 
Serum Insulin 10 5.20 0.25 4.80 
Table AlO.2. Between batch coefficient of variation (CV, %) for blood metabolite 
assays. 
Analyte n Mean ±SD CV(%) 
Serum TC 22 4.677 0.068 1.45 
Serum TAG 22 1.022 0.022 2.15 
Serum Glucose 32 3.825 0.050 1.31 
SerumFFA 15 0.360 0.007 1.94 
SerumHDL-C 20 1.079 0.018 1.67 
APPENDIX 8 
FATTY ACID COMPOSITION OF THE TEST 
MEAL FOR A 70 KG MAN 
cream oats nuts coconut choc. sultanas apple banana 
(g) (g) (g) (g) (g) (g) (g) (g) 
SFA 
4:0 2.76 0 0 0 0.01 NI NI 0 
6:0 1.72 0 0 0.02 0.01 NI NI 0 
8:0 1.04 0 0 0.22 0 NI NI 0 
10:0 2.42 0 0 0.21 0.02 NI NI 0 
12:0 3.01 0 0 1.39 0.03 NI NI 0 
14:0 9.64 0 0.01 0.46 0.10 NI NI 0 
15:0 0.95 0 0 0 0 NI NI 0 
16:0 22.38 1.04 0.92 0.26 0.81 NI NI 0.08 
17:0 0.87 0 0 0 0 NI NI 0 
18:0 9.64 0.07 0.64 0.07 0.77 NI NI Trace 
20:0 0 0.03 0 0.03 0.02 NI NI 0 
22:0 0 0 0 0 0 NI NI 0 
MUFA 
14:1 0.87 0 0 0 0 NI NI 0 
15:1 0.43 0 0 0 0 NI NI 0 
16:1 1.68 0.02 0.02 0.01 0.02 NI NI Trace 
17:1 0.68 0 0 0 0 NI NI 0 
18:1 17.37 2.36 1.99 0.19 0.95 NI NI 0.03 
20:1 0 0 0 0 0 NI NI 0 
22:1 0 0 0 0 0 NI NI 0 
PUFA 
18:2 0.87 2.50 2.29 0.05 0.08 NI NI 0.03 
18:3 0.95 0.14 0 0 0.02 NI NI 0.04 
20:1-3 0 0 0 0 NI NI 0 
20:4 0 0 0 0 0 NI NI 0 
20:5 0 0 0 0 0 NI NI 0 
22:5 0 0 0 0 0 NI NI 0 
22:6 0 0 0 0 0 NI NI 0 
where SF A, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, 
polyunsaturated fatty adds, NI, not important 
B 
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APPENDIX C 
THE EFFECT OF TEMPERATURE DURING 
BLOOD CLOTTING PROCESS ON SERUM LIPID 
CONCENTRATIONS 
INTRODUCTION 
During the clotting process which may last from 30 to 60 or 90 min the 
enzyme responsible for the hydrolysis of TAG, lipoprotein lipase may be still 
activated, leading in a serious error during the blood analysis (Frayn, 
personal communication). Thus, a reduced serum TAG concentration and an 
elevated serum FFA concentration may be the result of the activity of LPL 
during the clotting process and not the result of the experimental 
intervention. Therefore, it is suggested that blood samples should be placed at 
a low temperature, preferably in the fridge (4 OC) during the clotting process 
in order to reduce the activity of LPL enzyme. In the present thesis, blood 
samples (Chapters IV, V and VII) were allowed to clot at room temperature 
for 60 min, whereas during study 3 (Chapter VI) samples were placed in the 
fridge for 60 min. The purpose of this small pilot study was to compare the 
effect of two different temperatures (room vs fridge) during the blood 
clotting, on serum lipid concentrations. This investigation would provide a 
reference base for correcting lipid concentrations in the studies where the 
blood samples were left to clot at room temperature. 
METHODS 
Five (4M, 1W) healthy research students in the Sports Science department 
(body mass: 73.7±2.1 kg) volunteered to participate in this study, which was a 
part of the 3 main trials performed during study 3 (Chapter VI). Subjects 
walked for 90 min on the treadmill at a combination of speed and grade that 
elicited 60% ofV02max in the afternoon of day 1. In the morning of day 2 (16 
hours after the end of the walking), subjects came to the laboratory after a 12 
hour fast, for an oral fat tolerance test. A baseline venous blood sample was 
taken and then the test meal was ingested (1.28 g fat per kg body mass, full 
description of the meal is given in section 6.2.). Further blood samples were 
taken 2, 3, 4 and 6 hours after the meal, for the determination of serum TAG, 
total cholesterol and FFA concentrations. 
C 
Venous samples were dispensed in two 5 ml non - heparinised tubes. One 
tube was left to clot at room temperature and the other one was placed in the 
·fridge (4 OC), for 1 hour on both occasio~s prior to the serum separation in a 
centrifuge. Statistical analysis was performed using a paired Hest. . 
RESULTS 
No significant difference was found between the two conditions (room vs 
fridge) in any of the serum metabolites measured. The individual serum lipid 
concentrations for the room temperature and the fridge conditions at the 5 
sampling time points are presented in Table C.l. and C.2. respectively. Mean 
values for serum TAG, TC and FFA concentrations for the two conditions are 
shown in Table C.3. 
Table C.I. Individual serum triacylglycerol (TAG), free fatty acid (FFA) and total 
cholesterol (TC) concentrations before (fasted state) and after the ingestion of the 
fat meal in the room temperature condition. (N=5) 
FFA 
(mmol-\'!) 
FAST 
0.33 
1.04 
0.42 
0.66 
0.62 
0.40 
0.57 
0.47 
0.43 
0.42 
3.83 
4.61 
5.08 
5.35 
4.52 
2h 
0.50 
1.63 
0.95 
0.95 
1.10 
0.54 
0.60 
0.52 
0.78 
0.48 
3.76 
4.40 
5.20 
5.55 
4.64 
POSTPRANDIAL PERIOD 
3h 4h 6h 
0.62 0.54 0.44 
1.59 1.16 1.08 
0.76 1.04 0.66 
0.81 0.78 1.01 
1.26 1.08 0.92 
0.64 0.68 0.60 
0.71 0.74 0.81 
0.39 0.65 0.57 
0.63 0.39 0.65 
0.40 0.41 0.80 
3.82 3.79 3.84 
4.43 4.38 4.56 
5.29 5.18 5.38 
5.57 5.64 5.57 
4.69 4.80 4.81 
c 
Table C.2. Individual serum triacylglycerol (TAG), free fatty acid (FFA) and total 
cholesterol (TC) concentrations before (fasted state) and after the ingestion of the 
fat meal in the fridge condition. (N=5) 
FAST POSTPRANDIAL PERIOD 
2h 3h 4h 6h 
TAG 0.34 0.64 0.53 0.45 0.46 
(mmoH-I) \.01 1.40 \.46 1.13 1.13 
0.41 0.98 0.78 0.98 0.61 
0.66 0.94 0.78 0.72 \.08 
0.61 1.14 \,44 1.14 0.93 
FFA 0.20 0.51 0.41 0.41 0.40 
(mmoH-I) 0.70 0.75 0.85 0.92 0.99 
0.41 0.48 0.35 0.55 0.52 
0.36 0.73 0.56 0.33 0.67 
0.39 0.44 0.32 0.34 0.92 
TC 3.76 4.57 4.50 4.47 3.83 
(mmoH-I) 4.52 4.36 4.43 4.37 4.55 
5.05 5.34 5.24 5.00 5.34 
5.37 5.55 5.52 5.62 5.55 
4.52 4.57 4.69 4.85 4.62 
Table C.3. Serum triacylglycerol (TAG), free fatty acid (FFA) and total cholesterol 
(TC) concentrations before (fasted state) and after the ingestion of a fatty meal in 
the room (R) and the fridge (F) conditions. (Mean ± SD, N=5) 
FAST POSTPRANDIAL PERIOD 
2h 3h 4h 6h 
TAG R 0.61 1.03 1.00 0.92 0.82 
(mmoH-I) ±0.28 ±D.41 ±D.40 to.26 ±0.27 
F 0.61 1.02 1.00 0.88 0.84 
±D.26 ±D.28 ±D.43 ±D.30 ±D.30 
FFA R 0.46 0.58 0.55 0.57 0.69 
(mmoH-I) ±D.07 to.12 ±D.15 ±D.16 ±D.ll 
F 0.41 0.58 0.50 0.51 0.70 
±D.18 ±D.15 ±D.22 to.25 to.25 
TC R 4.68 4.71 4.76 4.76 4.83 
(mmoH-I) ±D.58 ±D.70 to.70 ±D.71 to.69 
F 4.64 4.88 4.87 4.86 4.79 
to.61 to.53 ±D.48 to.48 ±D.69 
C 
SUMMARY OF THE FINDINGS 
No significant difference was found in serum TAG, FFA and TC 
concentrations between the room and the fridge clotting conditions and 
therefore no further correction was made for the blood samples collected in 
studies 1, 2, and 4 of the present thesis. This was in contrast with the initial 
expectations before the study. However, the small sampling size (n=5) is a 
, 
limitation and a study with more samples would be desirable in the future. 
APPENDIX D 
CALCULATIONS 
Dl: ANTHROPOMETRY 
Body mass index 
D1 
By measuring height (section 3.6.1.) and body mass (section 3.6.2.), the body 
mass index (BM!) was obtained by dividing the body mass by the square of 
height. This index which is expressed in kg·m·2, is widely used to give some 
indications about the body build or shape and about the leanness or fatness 
(Fidanza, 1991). 
Fatness, fat mass and fat free mass 
The logarithm (log) of the sum of the four skinfolds (biceps, triceps, 
subscapular and suprailiac, section 3.6.3.) was used to estimate body density, 
in study 4, according to the following sex and age specific equations of 
Durnin and Womersley (1974): 
Female aged 30 - 39: 
Female aged 40 - 49: 
Y = 1.1423 - 0.0632 X 
Y = 1.1333 - 0.0612 X 
where Y is the predicted body density and X is the log of the slim of skinfold thicknesses at the fOllr 
sites. 
Percentage body fat was then calculated using the Siri 's equation (1956, in 
Durnin and Womersley, 1974): 
% Body fat = ( 4. 9~ _ 4.50) x 100 
denSity 
Knowing the total body mass and the percentage of body fat, the fat mass was 
calculated as: 
F (~) % body fat x body mass 
at mass g = -_...L..-
1
-
00
"---<"--
Dl 
Finally by subtracting the fat mass from the total body mass, the fat-free mass 
was obtained: 
Fat-free mass (kg) = Total body mass - Fat mass 
Waist to Hip Ratio 
The ratio at waist and hip circumferences (WHR) which is an indicator of fat 
distribution was calculated by dividing the waist by the hip circumference 
(section 3.6.4.). 
D2 
D2: SUBSTRATE OXIDATION AND ENERGY EXPENDITURE 
From the \102 and VC02 determined in the expired air samples collected 
during the walking and meal tests, the fat and CHO oxidation rates and the 
energy expenditure were calculated using indirect calorimetry, according to 
the method described by Consolazio et al. (1963). The fundamental 
measurement provided by this technique is the net disappearance rate of a 
substrate regardless of the metabolic inter conversion before its 
disappearance. However, under most circumstances, direct oxidation 
represents the major route by which a substrate disappears from its metabolic 
pool and thus, all the oxygen consumed by the body is assumed to be used in 
order to oxidise degradable fuels and produces C02. 
Knowing that 1 g of glucose consumes 0.828 I O2 and produces 0.828 I CO2 
and 1 g of fat consumes 1.989 102 and produces 1.419 I COz the following 
equations could be made (Consolazio et al., 1963): 
\102 = 0.828 x + 1.989 Y 
Ve02 = 0.828 x + 1.419 Y . 
where x is grams of CHO and y is grams of fat 
Therefore, by using the above two equations and the known steady state 
values of \102 and V·C02, the grams of CHO (x) and the grams of fat (y) 
oxidised per minute were calculated. Furthermore, the energy expended per 
minute was also calculated, from the energy generated by the oxidation of 
each gram of CHO (17.6 kJ) and fat (38.9 kJ). 
03 
D3: BLOOD BIOCHEMISTRY 
VLOL-C and LOL-C 
The serum cholesterol concentrations of VLOL and LOL were not measured 
directly in the present thesis. However, VLDL-C and LDL-C were calculated 
using the Friedewald et al. (1972) equations: 
TAG (mmolI') VLDL-C (mmoH·I) = --'---'---'--'....:. 
22 
or 
VLDL-C (mg.dl-I) = TAG (mgdI') 
5 
LDL-C (mmoH-I) = TC - HDL-C - VLDL-C (all in mmoH·I) 
The above calculations are based on two observations. One is that the ratio of 
mass of TAG to that of cholesterol in VLDL is apparently constant and about 
5:1 in normal subjects. The other is that when chylomicrons are not present 
(post absorptive/fasted state), the serum cholesterol attributable to VLDL can 
then be approximated by dividing the serum TAG by five (Friedewald et ai., 
1972). These equations were used in fasted serum samples only, as they are 
not valid in serum samples where chylomicrons are present (postprandial 
state). 
HOL-C and its sub fractions 
HDL and HDL3 were directly measured by precipitation procedures 
(APPENDIX A2) where their cholesterol concentration was analysed 
enzymatically (APPENDIX A3). The cholesterol concentration of HDL in 
studies 1,2 and 4 was multiplied by the factor 1.1856 and that of HDL3 by 
1.30416 to correct for the sample dilution that results from the addition of . 
reagents. In study 3, HDL-C concentration was multiplied by a factor of 3.5. 
HDL2-C concentration was calculated by subtracting HDL-C from HDL3-C. 
All the above factors were calculated as follows: 
HDL (heparin/manganese precipitation) 
In 1000 III of serum, 40 III of heparin and lOOll1 of manganese chloride were 
added. Thus, dividing 1140 by 1000 it gives 1.14. Additionally, in 250lll of 
03 
heparin/manganese supernatant, 10111 of EOTA were added. The last division 
(260/250) gives a factor of 1.04. The final factor 1.1856 was derived by 
multiplying 1.14x1.04. 
HDL3 
In 500111 of sample, 50 III of dextran sulphate were added and in the 250111 of 
supernatant 10111 of EDTA were added. Dividing 550 to 500 gives 1.1, where 
dividing 260 to 250 gives 1.04. In this calculation the 1.14 dilution of the initial 
sample should also be taken into account. Therefore, 1.1xl.04x1.14 =1.30416. 
HDL (manganese/phosphotungistic acid precipitation) 
In 200 III of serum sample, 500 III of reagent were added. Dividing 700 III to 
200 III gives the factor of 3.5. 
04 
D4: AREA UNDER THE TAG/TIME CURVE 
The area under the TAG/time curve (Fig. 04) was calculated by adding the 
six areas (A1-A6) determined by each pair of consecutive observations. This is 
d . h 'd I I ( f . base 1 + base 2 one usmg t e trapezol a ru e area 0 a trapezIUm = 2 x 
height). The following is an example of the way that each part of the area was 
calculated based on the hypothetical values of Fig. 04: 
Al = 0.60 + 0.80 xl = 0.70 xl = 0.70 
2 
Calculating in a similar way the other small area parts, the following value is 
given for the area under the TAG/time curve: 
• 
Total area = Al + A2 + A3 + A4 + A5 + A6 = 0.7 + 0.9 + 1.1+ 1.18 + 
1.08 + 0.93 = 5.89 mmol·I·1.h 
The incremental area is calculated by subtracting the area corresponding to 
the resting sample from the total area (i.e. normalising to the 0 hour 
concentration). Thus: 
Incremental area = 5.89 - 3.60 (0.60x6) = 2.29 mmoJ.l·1.h 
According to the same principle the incremental and total areas for serum 
insulin and free fatty acid concentrations were also calculated. 
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Fig. D4. Hypothetical fasting and postprandial TAG concentrations for the 
calculation of area under the TAG/time curve. 
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APPENDIX E 
STATEMENT OF INFORMED CONSENT 
E 
I have read the outline of the procedures which are involved in this 
investigation and I understand what will be required of me. I have had the 
opportunity to ask for further information and for clarification of the 
demands of each of the procedures. I am aware that I have the right to 
withdraw from the study at any time, with no obligation to give reasons for 
my decision. 
I agree to take part in the study examing " the effect of the intensity of 
treadmill walking on subsequent postprandial lipaemia in young adults" 
SIGNED· __________ DATE. ____ _ 
WITNESSED BY _____________ _ 

